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PREVALENCE OF TICKS AND SOME TICK-
BORNE DISEASES OF CATTLE IN RED SEA 
STATE, SUDAN 
 
ABSTRACT 
 
  The present study was conducted from January to December 
2007 to investigate distribution and seasonality of ticks infesting cattle and 
prevalence of some tick-borne diseases (TBDs) in Red Sea State. Ticks, 
blood smears and serum samples were collected from three localities 
namely Toker, Port Sudan and Gonoub W Aolib at two monthly intervals 
for one year from 45 heads of cattle each time.  These cattle were of 
different sex and of three age groups namely younger than two years old 
calves, 2 to 4 years old heifers or steers and older than 4 years adults.  
  Three tick genera and seven species were identified. These were 
Hyalomma anatolicum, H. dromedarii, H. impeltatum, Rhipicephalus 
evertsi evertsi, R. guilhoni, R. camicasi and Boophilus decoloratus. The 
most dominant tick species were H. dromedarii and H. impeltatum. Other 
tick species were found in very low numbers with the exception of H. 
anatolicum which was highly abundant only in Toker where the highest 
prevalence of all tick species was recorded. Ticks showed the highest 
abundance during the cold season. Older cattle carried more ticks than other 
age groups and cows were infested with more ticks than bulls.  There were 
no significant differences between ticks carried by zebu and cross-bred 
cattle. Biochemical parameters of cattle were not significantly correlated 
with numbers of ticks infesting cattle.  
  The prevalence rate of Theileria spp. piroplasms was 34 (4.19%) 
in the Giemsa’s stained blood smears. The highest prevalence rate of 16 
 xvi
(5.92%) of Theileria spp. piroplasms was in Toker followed by Gonoub W 
Aolib 12 (4.44%) while the lowest 6 (2.2%) was in Port Sudan. Using 
indirect flourescent antibody test, 32 (32%) of samples were positive for T. 
annulata antibodies.  The highest prevalence of T. annulata antibodies was 
in Toker 16 (40%), followed by Port Sudan 11 (36.7%) then Gonoub W 
Aolib 5 (16.7%). 
  The highest prevalence of piroplasms was in January followed 
by September while that of T. annulata antibodies was in september followed 
by November. Theileria spp. piroplasms were higher among cross breed 
cattle than indigenous ones, while the highest prevalence of T. annulata 
antibodies was among indigenous. The highest prevalence of Theileria spp. 
piroplasms 22 (8.14%) was among cattle older than 4 years followed by 10 
(3.7%) among cattle aged between 2 to 4 years and the lowest prevalence rate 
2 (0.75%) was among calves younger than 2 years. However, the highest 
prevalence of T. annulata antibodies 19 (47.5%) was among cattle older than 
4 years followed by 6 (20%) among heifers and steers aged 2 to 4 years and 
the lowest prevalence rate 1 (3.33%) was among calves less than 2 years old.  
Neither Babesia spp. nor Anaplasma spp. were detected in this study. 
   It is concluded that the presence of H. anatolicum in this state is an 
indication of change in geographic distribution of ticks and hence 
emergence of T. annulata infection in areas known to be free. In addition, 
this newly introduced tick species in the state may lead to spread of 
malignant ovine theileriosis threatening sheep production, an effect that 
needs a prompt action to limit the spread of this tick species.  It is 
recommended to monitor spread of this tick species in the state. 
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 ﻨﺴﺒﺔ ﺘﻭﺍﺠﺩ ﺍﻟﻘﺭﺍﺩ ﻭﺒﻌﺽ ﺍﻷﻤﺭﺍﺽ ﺍﻟﻤﻨﻘﻭﻟﺔ ﺒﻭﺍﺴﻁﺔ ﺍﻟﻘﺭﺍﺩ
  ﺒﻭﻻﻴﺔ ﺍﻟﺒﺤﺭ ﺍﻷﺤﻤﺭ ﺒﺎﻟﺴﻭﺩﺍﻥ ﻓﻰ ﺍﻷﺒﻘﺎﺭ
  
  ﻃﺮوﺣﺔﻣﻠﺨﺺ اﻷ
 7002ﺟﺮﻳﺖ هﺬﻩ اﻟﺪراﺳﺔ ﺑﻮﻻﻳﺔ اﻟﺒﺤﺮ اﻷﺣﻤﺮ ﻓﻲ اﻟﻔﺘﺮة ﻣﻦ ﻳﻨﺎﻳﺮ إﻟﻰ دﻳﺴﻤﺒﺮ   أ    
اﻧﺘﺸﺎرهﺎ وﻣﻌﺮﻓﺔ اﻷﻣﺮاض اﻟﺘﻲ ﺑﻐﺮض ﻣﻌﺮﻓﺔ أﻧﻮاع اﻟﻘﺮاد ﻋﻠﻰ اﻷﺑﻘﺎر وﺗﻮزﻳﻌﻬﺎ وﻣﺪى 
ﺗﻢ ﺟﻤﻊ اﻟﻘﺮاد واﻟﻤﺴﺤﺎت اﻟﺪﻣﻮﻳﺔ واﻷﻣﺼﺎل ﻣﻦ اﻷﺑﻘﺎر ﻣﻦ اﻟﻤﻨﺎﻃﻖ ، ﻳﻨﻘﻠﻬﺎ واﻧﺘﺸﺎرهﺎ ﺑﺎﻟﻮﻻﻳﺔ
ﺣﺴﺐ اﻷﻋﻤﺎر إﻟﻰ ﺛﻼﺛﺔ  اﻻﺑﻘﺎرﻗﺴﻤﺖ  .اﻟﻘﻨﺐ واﻻوﻟﻴﺐ وﻃﻮآﺮ، ﺑﻮرﺗﺴﻮدان: اﻟﺘﺎﻟﻴﺔ
ﻣﻦ ﻋﻤﺮ ﺳﻨﺘﻴﻦ اﻟﻰ  ﻋﺠﻮل اﻟﺜﺎﻧﻴﺔ،  ﻦﻗﻞ ﻣﻦ ﻋﻤﺮ ﺳﻨﺘﻴاﻷوﻟﻰ ﻋﺠﻮل اﻣﺠﻤﻮﻋﺎت اﻟﻤﺠﻤﻮﻋﺔ 
وﺗﻢ ﺟﻤﻊ اﻟﻌﻴﻨﺎت آﻞ ﺷﻬﺮﻳﻦ ﻋﻠﻰ ، اآﺒﺮ ﻣﻦ ﻋﻤﺮ ارﺑﻌﺔ ﺳﻨﻮات  اﺑﻘﺎر ارﺑﻌﺔ ﺳﻨﻮات واﻟﺜﺎﻟﺜﺔ
واﻷﻧﻮاع اﻟﺘﻲ ﺳﺠﻠﺖ ، أﻇﻬﺮت اﻟﺪراﺳﺔ وﺟﻮد ﺛﻼﺛﺔ اﺟﻨﺎس و ﺳﺒﻊ أﻧﻮاع ﻣﻦ اﻟﻘﺮاد. ﻣﺪى اﻟﻌﺎم
            -:هﻲ
 .sulahpecipihR ,mutatlepmi .H ,iirademord .H ,mucilotana ammolayH 
  .sutaroloced sulihpooB  ,isacimac .R ,inohliug .R ,istreve istreve
أوﺿﺤﺖ اﻟﺪراﺳﺔ إن اﻋﻠﻲ ﻧﺴﺒﻪ ﻟﻮﺟﻮد اﻟﻘﺮاد آﺎﻧﺖ ﻓﻲ ﻃﻮآﺮ آﻤﺎ أوﺿﺤﺖ أن اﻟﻘﺮاد ﻳﺘﻮاﺟﺪ 
أن ﻋﻤﺮ اﻟﺤﻴﻮان ﻳﺆﺛﺮ ﻋﻠﻰ أﻋﺪاد اﻟﻘﺮاد ﺣﻴﺚ أن  ﻟﻮﺣﻆ. ﻜﺜﺎﻓﺔ أﻋﻠﻰ ﻓﻲ ﻓﺼﻞ اﻟﺨﺮﻳﻒ ﺑ
وﻣﻦ ﻧﺎﺣﻴﺔ أﺧﺮى ، ﺎﻟﺤﻴﻮاﻧﺎت اﻟﺼﻐﻴﺮةﺑ ﻘﺎرﻧﺔاﻟﺤﻴﻮاﻧﺎت اﻟﻜﺒﻴﺮة ﺗﺤﻤﻞ إﻋﺪادا اآﺒﺮ ﻣﻦ اﻟﻘﺮاد ﻣ
  .وﺟﺪ أن اﻟﻘﺮاد ﻳﺘﻄﻔﻞ ﻋﻠﻰ اﻻﺑﻘﺎر اﻻﻧﺎث ﺑﺄﻋﺪاد اآﺒﺮ ﻣﻦ اﻟﺜﻴﺮان
ﻣﻌﺪل ﻟﻠﻄﻔﻴﻞ  أﻋﻠﻰوﺟﺪ ، ﻋﻴﻨﺔ  018ﻣﻦ ﻋﺪد   43 )%91.4( وﺟﺪ ﻃﻔﻴﻞ اﻟﺜﺎﻳﻠﻴﺮﻳﺎ ﺑﻨﺴﺒﺔ 
 )%22.2(  6واﻗﻞ ﻧﺴﺒﺔ ﺑﻤﺤﻠﻴﺔ ﺑﻮرﺗﺴﻮدان ﺑﻨﺴﺒﺔ )%29.5(  61 ﺑﻤﻨﻄﻘﺔ ﻃﻮآﺮ ﺑﻨﺴﺒﺔ
ﻟﻼﺟﺴﺎم  ﺣﺎﻟﺔ ﻣﻮﺟﺒﺔ )%23(  23ﺠﺔ اﺧﺘﺒﺎر اﻻﺟﺴﺎم اﻟﻤﻀﺎدة اﻟﻤﺸﻊ ﻏﻴﺮ اﻟﻤﺒﺎﺷﺮاﻇﻬﺮت ﻧﺘﻴ.
ﻧﺴﺒﺔ ﺗﻮﺟﺪ ﺑﻤﺤﻠﻴﺔ ﻃﻮآﺮ ﻓﻰ  أﻋﻠﻰ أناﻇﻬﺮت اﻟﺪراﺳﺔ ،ﻟﻄﻔﻴﻞ اﻟﺜﺎﻳﻠﻴﺮﻳﺎ اﻧﻴﻮﻻﺗﺎ  اﻟﻤﻀﺎدة
اﻟﻌﻮاﻣﻞ اﻟﻤﺴﺎﻋﺪة  أآﺜﺮﻣﻦ  اﻷﺑﻘﺎرﻞ اﻟﺸﺘﺎء آﻤﺎ أوﺿﺤﺖ أن ﻋﻤﺮ و ﻧﻈﺎم اﻟﺘﺮﺑﻴﺔ وﺳﻼﻟﺔ ﻓﺼ
آﺒﺮ ﻓﻰ اﻷﺑﻘﺎر اﻹﺻﺎﺑﺔ واﻧﺘﺸﺎر اﻟﻤﺮض ﺣﻴﺚ وﺟﺪ أن اﻟﻄﻔﻴﻞ ﻳﺘﻮاﺟﺪ ﺑﺼﻮرة ا ﻓﻰ اﻟﺘﺄﺛﻴﺮ ﻋﻠﻰ
اﻟﻨﺘﺎﺋﺞ اﻟﻤﺨﺘﺒﺮﻳﺔ ﻟﺘﺤﻠﻴﻞ اﻟﺒﻼزﻣﺎ  .اﻟﻤﺤﻠﻴﺔ وﻓﻰ اﻷﻋﻤﺎر اﻟﻜﺒﻴﺮة ﺑﺼﻮرة اآﺒﺮ ﻣﻦ اﻟﺼﻐﻴﺮة
  .ﺗﻐﻴﻴﺮﻃﻔﻴﻒ ﻓﻲ ﻧﺴﺒﺔ اﻟﺒﺮوﺗﻴﻦأوﺿﺤﺖ 
iiivx 
اﻧﺘﺸﺎر هﺬا اﻟﻨﻮع ﻣﻦ اﻟﻘﺮاد  أنوﻗﺪ ﻳﺆدى ذﻟﻚ اﻟﻰ اﻧﺘﺸﺎر ﻣﺮض اﻟﺤﻤﻰ اﻟﻤﺪارﻳﺔ ﻓﻰ اﻻﺑﻘﺎر آﻤﺎ 
وﻋﻠﻴﻪ ﺗﻮﺻﻰ اﻟﺪراﺳﺔ ﺑﺎﺗﺨﺎذ إﺟﺮاءات  ﻓﻰ اﻟﻀﺎن ﺔاﻟﺨﺒﻴﺜ  اﻟﺤﻤﻰﻗﺪ ﻳﺆدى اﻳﻀﺎ اﻟﻰ ﻣﺮض 
  .ﻧﺘﺸﺎر هﺬا اﻟﻨﻮع ﻣﻦ اﻟﻘﺮادﺳﺮﻳﻌﺔ ﻟﻠﺤﺪ ﻣﻦ ا 
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CHAPTER ONE 
LITERATURE REVIEW 
 
1.1.   Introduction    
Ticks and tick-borne diseases (T and TBDs) are particularly 
important and they are recognized as greatest animal disease problem in 
Africa (Young et el., 1988). It has been estimated that 80% of cattle of the 
world are infested with ticks (FAO, 1984). In Africa alone, 175 million 
head of cattle are at risk of ticks and TBDs (Norval et al., 1991a). T and 
TBDs are recognized from all ecoclimatological zones in the Sudan from 
desert in the north to the rich savanna in the South (Hoogstraal, 1956). T 
and TBDs are recognized as major hindrance to development of animal 
production in the Sudan (Osman, 1992). Tick-borne diseases (Theileria 
spp, Babesia spp), rickettsial diseases (Anaplasmosis and Ehrlichiosis) as 
well as direct tick infestation are the major health and managemental 
problems affecting productivity of livestock in many developing countries 
(de Castro, 1997). (Hoogstraal, 1956) stated that ticks of the family 
Ixodidae are known to transmit a variety of diseases more than other. Blood 
sucking leads to anaemia, tick bites predispose animal to secondary 
infections like mastitis and dermatitis, tick paralysis and tick worry, 
devaluation of hides and disease transmission. All these have adverse 
effects of ticks (El Ghali, 1992). Mohamed (2003) included loss in weight 
and milk as adverse effects of ticks.  
 
1.2. Tick Taxonomy 
Ticks are destructive blood sucking parasites, found in most if not all 
the countries of the world, but the greater economic significance in tropical 
and subtropical zones. Different systems were used or suggested for tick 
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classification, some of which follow the basic morphological features of 
some organs, others are done according to habitat (Hoogstraal, 1956).           
         
Phylum                  Arthropoda 
Class                       Arachnida                                  Lamarck, 1815 
Order                      Acarina                                       Nitzsch, 1818 
Suborder                Ixodoidea                                   Leach, 1 815  
Family -1               Argasidae                                   Canestrini, 189  
Genera                   Argas, Otobius, Ornithodoros  
                              and Carios 
Family -2                Nuttalliellidae 
Genera                    Nuttalliella                                Bedford,   1931 
Family-3                 Ixodidae                                     Murry, 1877 
Genera                    Ixodes, Boophilus,  Hyalomma,  
   Rhipicephalus, Haemaphysalis,  
   Margaropus, Nosoma, Anomalahimalaya,   
   Dermacentor, Cosmiomma, Amblyomma,  
   Bothriocroton and Rhipicentor. 
 
Family Ixodidae (hard tick) contains 684 species under many genera, 
which include, Amblyomma (130 species), Ixodes (241species), 
Bothriocroton (5 species), Haemaphysalis, (162 species), Hyalomma (30 
species), Nosoma (1 species), Anomalahimalaya (3 species), Dermacentor 
(33 species), Cosmiomma (1 species), Margaropus (3 species), Rhipicentor 
(2 species), Boophilus (5 species) and Rhipicephalus (75 species) (Horak, 
et al., 2002). 
The family Ixodidae includes the genera. Four of these genera are of 
economical important in the Sudan; these genera are Amblyomma, 
Hyalomma, Boophilus and Rhipicephalus (Okelo-Onen, et al., 1999). 
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1.2.2. Life cycle 
Ticks are ectoparasites and their life cycle includes four stages (eggs, 
larvae, nymphs and adults) (Hoogstraal, 1956). During their life cycle, the 
ixodid ticks pass through three phases which are host seeking phase, 
parasitic phase, and developmental phase. The Ixodid ticks lay their eggs in 
sheltered spots; female lays all her eggs in one batch up to 18000 eggs in 
some species. The male remains much longer on host than female, if no 
male present, the female may remain attached for much longer time than 
under normal conditions (Soulsby, 1982). The development till adult stage 
is greatly influenced by the prevailing temperature and humidity. 
According to the number of hosts they require during their life cycle, ticks 
are classified into three groups. These are:                                                                 
A-One host tick: in which case moulting through stages occurs on the same 
animal host such as Boophilus spp. (Walker, et al., 2003).                                                      
B-Two host tick: in which case nymphs drop off, moult to adults and attach 
to another host such as Rhipicephalus e. evertsi and Hyalomma rufipes 
(Kettle, 1995).      
C-Three host tick: in which case it requires a new host for each 
developmental stage such as Amblyomma spp., and Rhipicephalus 
appendiculatus (Soulsby, 1982). 
 
1.3. Distribution of ticks in the Sudan 
Sudan with an area of one million square miles, extend from 4° N 
latitudes to 22° N and borders nine African countries. There are five major 
ecoclimatic zones ranging from desert conditions in the north to the wood 
land savanna with more than 900 mm rainfall in the south. Extensive 
pastoral land in the east, central, west and south support different species of 
livestock (FAO, 1985). It is the largest African country with livestock 
estimated to be 137 million of which 40 million cattle, 50 million sheep, 
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42.5 million goats, 4 million camels and 0.5 million horses (Anon, 2005). 
Hoogstraal (1956) reported that there are 64 tick species under eleven 
genera causing variety of diseases to domestic and wild animals, reptiles 
and birds. The distribution of Hyalomma dromedarii is in area with annual 
rainfall below 250 annually and may be found in desert and semi-desert 
areas. The distribution of Amblyomma lepidum in the Sudan is generally 
concentrated in the central of the eastern part of the country from Torit and 
Kapoeta in the south as far as Kassala in the north, but absent in northern 
provinces (Osman and Hassan, 2003). However, recently Abdalla (2007) 
confirmed that A. lepidum has spread from eastern parts of country to 
Darfur State, as well as H. anatolicum which has established in the state. El 
Imam (1999) found that H. impeltatum was the most dominant species in 
Kosti province. Tick species reported in Southern Kordofan include A. 
lepidum, A. variegatum, B. decoloratus, B. annulatus, Hyalomma rufipes, 
H. truncatum, Rhipicephalus and Haemaphysalis spp. (Sowar 2002). 
Osman et al. (1982) reported that H. impeltatum was the most common tick 
of sheep in arid area of Kordofan. Karrar et al. (1963) reported that tick 
species that infest domestic animals in Kassala, Eastern Sudan are H. 
anatolicum, H. excavatum, H. dromedarii, H. impeltatum, H. rufipes, H. 
truncatum, Rhipicephalus e. evertsi, R. sanguineus, R. praetextatus 
Boophilus decoloratus and A. lepidum.  According to FAO (1983), H 
rufipes, Rhipicephalus e. evertsi are present in the Central Sudan while H. 
anatolicum has changed the limit and spread southward to latitude 13° N is 
present in the northern part of central Sudan, and A. lepidum is present in 
central grassland, semi desert, rare in mixed forests and forest savanna and 
disappear in desert area. Thus it is confined to the southern parts of Central 
Sudan together with B. annulatus. Suliman (2004) reported that R. guilhoni 
is the most predominant species of ticks in Sennar State. Latif et al. (1994) 
reported in Khartoum H. anatolicum, H. truncatum, B. decoloratus, and R. 
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sanguineus. Osman (1979) and Osman et al. (1982) studied the ecological 
distribution of ticks in livestock in Kordofan and Darfur regions. They 
reported several ticks that included A. lepidum, A. variegatum, H. rufipes, 
H. truncatum, B. decoloratus, B. annulatus and R. sanguineus spp, while R. 
e. evertsi was rare. Most Hyalomma spp. were found only on cattle where 
A. lepidum was found on cattle as well as small ruminants. Other species 
found in the Sudan are B. geigyi, R. camicasi and R. bergeoni that were 
recorded for the first time in the Sudan in addition to R. guilhoni and R. 
turanicus in Central Sudan and R. turanicus and R. guilhoni in southern 
Sudan (Jongejan et al., 1987). 
 
1.4.    Ecology of ticks 
 Ticks are widely distributed throughout the world particularly in 
tropical and subtropical countries. However, each species of tick is adapted 
to different macro and microclimates (Soulsby, 1982). They FACE within 
their habitats different meteorological factors such as air temperature, 
relative humidity and rain. Air temperature and relative humidity are 
critical factors determining longevity of host seeking ticks. Longevity 
decreases with increasing temperature and the rapid death at high 
temperature is most probably due to very high rates of water loss 
(Tukahrwa, 1976) or heat stress (Utech et al., 1983). Tatchell and Eastern 
(1986) stated that host density, host susceptibility, vegetation type and host 
grazing behavior are important factors in tick regulation and distribution. 
The daily detachment times of engorged ticks are important with respect to 
subsequent changes of survival and successful moulting or oviposition, 
which require suitable ecological conditions (Du Toit et al., 1994). 
Ticks vary in their response to ambient temperature within sex, age 
and host species. Each species has critical temperature above which its 
survival is greatly influenced. This critical temperature generally varies 
6 
 
with different genera. The higher the critical temperatures the more 
adaptability to arid conditions. The higher ambient temperature especially 
during the dry seasons causes egg desiccation while oviposition is not 
affected, but pre-oviposition becomes longer during cool and rainy season 
and pre-eclosion and moultability are less affected by climate changes 
(Hassan, 1997). Environmental conditions such as temperature, relative 
humidity are critical for the longevity and survival of unfed stages in the 
vegetation (Tukahrwa, 1976; Dark, 1995). Desiccation of eggs was less 
pronounced in shaded habitats implying that rough pasture increase their 
survival. Shaded areas also assisted on survival of other stages of ticks. 
Thus habitat modification such as reduction in bushes and vegetation may 
effectively reduce tick population (Osman and Hassan, 2003). Hassan 
(1997) found that tick load of the host was correlated with host coat colour; 
cattle with white coat colour carried significantly more tick than brown 
hosts, while black hosts carried the least number of ticks. Mohammed et 
al., (2005) found that drop-off of engorged larvae and females of A. 
lepidum occurred in the morning between 0600hrs and 1000hrs with a peak 
around 0800 hrs. 
Among the microclimatic factors that regulate tick distribution are 
the rainfalls which humidify soil, air and it influences availability of grass. 
Ticks maintain body water through atmospheric and water contact with the 
cuticle in case of unfed ones and from ingested blood in case of engorged 
ones (Hoogstraal, 1956). The fact that A. variegatum adults survived for 
shorter periods than R. appendiculatus (Hassan, 1997) was attributed to the 
difference in their critical equilibrium humidity (CEH). Hassan and Osman 
(2003) reported that CEH for A. variegatum was less than 85 r.h and for R. 
appendiculatus was less than 75 r.h. They quickly die of desiccation when 
exposed to humidity below their required CEH (Stafford III, 1994). Hassan 
(1997) reported that while ambient temperature was the major factors in 
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determining development rate of ticks, humidity was crucial for their 
survival  
Interactions between ticks and their hosts are significant natural tick 
population limitation factors. Some are host specific exclusively feeding on 
particular host and s are opportunistic ticks (Sonenshine, 1994). Ticks 
shared the surface of their host remarkably well, with each species having a 
preference for different sites in an apparent evolutionary to reduce 
competition (Kaiser et al., 1982). Tatchell (1986) reported that ticks exhibit 
stage specificity, whereby different developmental stages of the same tick 
species fed on different vertebrates and some feed on specific body sites. 
Many relationships are characterized by stage specificity, with larvae and 
nymph feeding on different hosts to the adults. The advantage of restricting 
immature tick to small sized host lays in the likelihood that sufficient 
number will engorge successfully to ensure the continuity of the species. 
The far greater number capable of attaching to the mammals allows the 
multiplication of host resistance in adequate to control such a population 
explosion (Tatchell, 1986).  
Nutritional status of the animal plays an important role in tick 
distribution and infestation, as any nutritional deficiency will result in 
decrease in immunity through decrease phagocytosis and antibody 
production so leading to heavier tick infestation (Nelson, 1984). Latif 
(1984) assessed that the status of three breed of cattle to natural and 
artificial tick infestation that the indigenous (Bos indicus) cattle, Kenana 
and Butana were able to limit natural tick population (H. anatolicum and R. 
e. evertsi).   
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1.5. Tick –borne diseases 
1.5.1 Taxonomy  
Phylum                         Apicomplexa          Levine 1970   
Class                                 Sporozoea             Leuckart, 1879 
Subclass                            Piroplasmia            Levine 1961 
Order                                Piroplasmida          Wenyon, 1926 
Family-1                           Babesiidae              Poche, 1913 
Genus                               Babesia                  Starcovici, 1893 
Family -2                         Theileriidae            DuToit    1918                      
Genera                              Theileria,               Bettencourt, France and 
                                                                      Borges, 1907     
                                                                                   
1.5.2.      Theileriosis                                            
  Theileriosis is a group of diseases which stand as obstacles in 
animal improvement worldwide particularly in tropical and subtropical 
countries (Hashemi-Fesharki, 1988). There are many species of Theileria 
that infect domestic animals which are T. parva, T. annulata, T. mutans. T. 
lestoquardi, T. velifera, T. sergenti, T. taurotragi and T. orientalis (Kettle, 
1995). In the Sudan, there are six Theileria species have been reported 
(FAO, 1983), these are T. parva, T. annulata, T. mutans T. lestoquardi, T. 
velifera and T. ovis.   
                                                           
1.5.2.1.     Theileria annulata 
 It is an infectious, virulent, noncontagious disease of cattle 
(Robinson, 1982).  T. annulata is the cause of bovine tropical theileriosis, 
transmitted by several Hyalomma species in North Africa, South Europe 
orientalis (Kettle, 1995). In the Sudan, there are six Theileria species have 
been and South West Asia (Um el Hassan et al., 1983). Hyalomma 
anatolicum is the efficient tick vector in the Sudan (FAO, 1983). T. 
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annulata causes severe economic losses including losses due to expensive 
anti-theileria drugs, cost of prevention and control measurements. Lost due 
to mortality and drop of milk production, pregnant cows may also abort and 
remain infertile for long time (Latif et al., 1994). 
 
1.5.2.1.1.      Life cycle  
 Transmission of T. annulata by tick is through trans-stadial 
transmission. This occurs normally when the tick infected as larvae or 
nymphs transmits the parasite to the next stage. There is no evidence of 
transmission by biting flies or other blood sucking insects (Barnett, 1968). 
However, it is usually fairly readily transmitted by spleen or lymph node 
suspension from infected animals (Soulsby, 1982).   
                                                                                   
  1.5.2.1.1.1. Life cycle of Theileria spp. in the vertebrate hosts  
When Theileria sporozoites (infective stage) are injected into the 
vertebrate with saliva of the infected ticks during feeding, the hosts 
becomes infected and the schizogony stage starts. The sporozoites 
complete their maturation in 4 to 5 days of tick attachment on the 
vertebrate (Walker, 1990). They enter different lymphocytes according to 
Theileria species and within 5 to 60 minutes they are transformed into 
trophozoites (Jura et al., 1983). It has been shown that T. annulata 
preferentially invades monocytes and B-cells expressing MHC class2 
antigen (Spooner et al., 1989). In the case of T. annulata, cell cycle of 
parasite and host cell are not synchronized leading to the formation of 
multi-nucleated parasites, while in T. parva within these cells the 
trophozoites develop into multinucleated macroschizonts (Koch's blue 
bodies) and induce the host cells to divide in synchrony with the parasites 
(Shiels et al., 1997). The macroschizonts develop further to microschizonts 
and the latter forming merozoites which increase in number. Thereafter, the  
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     Table (1) The important Theileria spp. of domestic animals (Dolan, 1989)   
Distribution         Disease           Vector              Animal Parasite                 
North Africa, Southern 
Europe, Middle East, 
India and Southern 
USSR 
Tropical or 
Mediterranean 
Theileriosis 
Hyalomma spp. Cattle and 
domestic buffalo 
Theileria annulata                  
(Dschunkowskya and Luhs, 
1904)    
East, central and northern 
Africa 
East Coast fever Rhipicephalus 
appendiculatus 
Cattle, buffalo and 
domestic buffalo 
experimentally 
Theileria parva (Theiler, 
1906) 
North Africa, Southern 
Europe, near and middle 
east and southern USSR 
Malignant 
theileriosis of sheep 
and goats 
Hyalomma spp. Sheep and goats Theileria hirci 
(Dschunkowsky and 
Urodschevich, 1904) 
East, central and northern 
Africa 
Weakly pathogenic Amblyomma spp. Cattle and buffalo Theileria mutans (Theiler, 
1906)  
East, central and northern 
Africa 
Weakly pathogenic Rhipicephalus 
appendiculatus
Cattle and other 
Bovidae 
Theileria taurotragi (Martin 
and Brocklesby, 1960) 
Africa south of Sahara, 
Caribbean islands 
Non pathogenic Amblyomma spp. Cattle and buffalo Theileria velifera 
(Uilenberg, 1964) 
Africa and parts of USSRUnknown Unknown  Camels  Theileria camelensis 
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lymphocytes rupture liberating the merozoites, which penetrate 
erythrocytes between day 8 to day 10after infection for T. annulata or 12 to 
day 14 for T. parva (Melhorn and Schein, 1984).  
 
1.5.2.1.1.2.   Life cycle of Theileria spp. in the invertebrate hosts 
 Larvae and nymphs ingest piroplasms infected erythrocytes even 
from animals of low parasitaemia. The Majority of these ingested 
piroplasms are rapidly destroyed within the gut lumen due to the secretion 
of the acid phosphate by the gut epithelial cell during feeding (Walker, 
1990). Lyses of erythrocytes occur and merozoites are liberated which are 
differentiated into sexual stages. In the lumen of the gut, the infected 
spindle-shaped microgamont develop from ring form; break up into several 
threads like microgamete after nuclear division and the development of the 
thread like cytoplasmic projection (Melhorn and Schein, 1977). The ring 
form develops into rounded form which considered being macrogametes. 
Six days after replication, zygotes appear in the epithelial cells of the gut. 
There is an increase in size and progressively denser cytoplasm occurs up 
to the third day of moulting to adult tick. By the fifth day of moulting, a 
club shaped motile ookinete is produced (Melhorn and Schein, 1977). 
Ookinete enter the salivary glands and develop in the e cells of type III 
acini (Faweett et al., 1985). Once the parasite enters the salivary gland cell, 
it begins to develop and the host cell undergoes marked hypertrophy. With 
the onset of tick attachment and feeding on a new host, there is a rapid 
increase in acinus hypertrophy and the parasite becomes multinucleated 
(sporogony) and hence formation of sporozoite and that released into tick 
saliva (Faweett et al., 1985).   
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1.5.2.1.2.    Clinical signs of tropical theileriosis 
 The occurrence of the tropical theileriosis varies depending on the 
parasite strain, host susceptibility and the quantity of sporozoites inoculated 
(Boulter and Hall, 2000). It is an infectious, virulent, non contagious 
disease that affects cattle. It is characterized by pyrexia, anorexia, 
enlargement of superficial lymph nodes, nasal and ocular discharge, 
exophthalmia and icteric pale mucous membranes (Mira and Ralph, 1989). 
Body temperature may reach up to 40° to 40.5°C followed by depression 
(Soulsby, 1982). Anaemia, jaundice and diarrhea occur in the later stages 
of the disease. Yellow or black coloured loose faeces and haemoglobinuria 
may be observed (Hashemi-Fesharki, 1988). The animal become dull, 
recumbent and death may follow within two to three weeks of infection 
(Uilenberg, 1981). However, infection with T. annulata and other species 
of bovine theileriosis could also result in rare syndromes which are 
characterized by sings of CNS involvement, development of skin lesions 
(Losos, 1986). 
    
1.5.2.1.3.    Pathogenesis 
The disease entity may be acute, subacute or chronic. The acute form 
occurs in all breeds and all ages of cattle. The incubation period is 9 ─25 
days and it may last as a short as 3 ─4 days or may prolong for about 20 
days (Soulsby, 1982  
 
1.5.2.1.4.   Necropsy findings 
The most significant lesions are marked enlargement of superficial 
and internal lymph glands, spleen and liver. There are infarcts in kidney 
and lungs are usually oedematous. The mucous membranes show icterus 
and often petechiae, abomasums and small intestine are swollen, reddened 
and show characteristic ulcer surrounded by zone of inflammation 
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(Soulsby, 1982). Uilenberg (1981) pointed out that reduction in erythrocyte 
number might be due to removal of infected cells by phagocytosis rather 
than destruction by the parasite. During the terminal stages, there is 
pulmonary oedema, bilirubinurea and bilirubinaemia (Boulter and Hall, 
2000). 
 
1.5.2.1.5. Immunology 
Recovery from T. annulata infection leads to the development of 
preimmunity and the infection can be transmitted from such animal by 
blood inoculation. There is no cross immunity between T. annulata, T. 
mutans and T. parva. In vitro cultivation of T. annulata infected leukocyte 
cell lines for months or years result in attenuation of their pathogenicity for 
cattle (Pipanp, 1991). This fact provides the basis for development of save 
cell culture derived vaccine (Pipano and Tsur, 1966), since then this 
vaccine has been applied successfully in many T. annulata endemic 
countries such as Morocco (Ouhelli et al, 1997) and Tunisia (Darghouth et 
al., 1996a).  
                                                                                                         
1.5.2.2.   Theileria parva 
 Theileria parva causes East Coast fever, in cattle and buffalo. It has 
been the most important disease of cattle in southern, eastern and central 
Africa. It is efficiently transmitted by R. appendiculatus and R. 
zambieziensis (Uilenberg 1983). East Coast fever in southern Sudan was 
first reported in Kaju Kaji and Yei River district boarding Uganda 
(Hoogstraal, 1956). In 1982, antibodies against T. parva were detected in 
cattle in Baher el Gazal region with complete absence of R. appendiculatus 
(Zessin and Bauman, 1982). Between 1985 and 1986 the disease assumed 
an epidemic form and outbreaks were spotted in Nimule and Juba towns 
(Julla et al., 1989).). The zebu (Bos indicus) in cattle imported to non 
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endemic areas is highly susceptible (Soulsby, 1982). Under natural 
conditions, distribution of T. parva is limited to the distribution of the tick 
R. appendiculatus. One million cattle die every year from East Cost fever 
with annual economic coast estimated to be US$ 168 million (Mukhebi et 
al., 1992). Clinical signs and pathogenesis are like those of T. annulata. 
These are nasal discharge, runny eyes, swollen lymph node, emaciation and 
diarrhoea. The low pathogenicity strains kill around 23% of infected cattle 
where as the high ones kill about 90─100% of infected cattle (Soulsby, 
1982).    
 
1.5.2.3.   Theileria   lestoquardi 
  It was first reported in the Sudan by Masson (1915, cited in 
Hoogstraal, 1956) in sheep. The disease was reported from Khartoum State 
(Tageldin et al., 1992) and northern Sudan (El Hussein et al., 2003). 
Attempt to infect goats with this parasite were conducted by many authors' 
(Taha, 2000) and (Mohammed and Salih, 2003) who pointed that some 
wild animals (Teital) (Capri ibex) may play a role as a reservoir of parasite 
which end up to be highly pathogenic to local goats. They also found that 
R. e. evertsi was the vector of T. lestoquardi                 
 
1.5.3. Ehrlichia ruminantium infection (Heartwater disease) 
 It is an acute, fatal and infectious tick-borne disease of domestic and 
wild ruminants, caused by an intracellular Rickettsia, Ehrlichia 
ruminantium, and are transmitted by tick of genus the Amblyomma (Semu 
et al., 2001). The disease is endemic in sub-Saharan Africa and Caribbean 
Islands (Camus et al., 1996). In the Sudan, the disease was first diagnosed 
in the early sixties by Karrar (1960) in sheep and goats where it was 
transmitted by Amblyomma lepidum in eastern Sudan and later, in White 
Nile area (Karrar, 1966). Jongejan et al. (1984) also reported the disease in 
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Um Banin. Musa et al. (1996) and Abdel Wahab et al. (1998) reported the 
disease in cattle in Western Sudan, where they found it was transmitted by 
A. variegatum. During an outbreak in 1956, it was estimated that in three 
months period almost 9% of sheep and goats in a particular flock in eastern 
Sudan died while the outbreak was still continuing (Karrar, 1960). Later, El 
Amin et al. (1987) found that the disease was lower in Kassala than in 
Gadarif State. They be attributed this to the shift of A. lepidum zone to the 
south as a result of climatic change and desertification.  
The disease is mostly characterized by high fever, nervous 
manifestations with fatal outcome, hydrothorax, hydropericardium and lung 
oedema (Prozesky, 1987). Clinical signs in cattle in the Sudan were 
described by Abdel Wahab et al. (1998). The animal shows pyrexia, 
excessive salivation, chewing the jaws and grinding of teeth. Movement of 
eyeball and pedaling of limbs were observed. In sheep and goats, the 
peracute forms are rather common in exotic breeds; most animals collapse 
and suddenly die after a proximal convulsion (OIE, 2002). Subacute forms 
with less pronounced signs also occur.  
  The disease is usually suspected when associated with ticks of the 
genus Amblyomma, clinical signs and demonstration of E. ruminantium 
colonies in brain crushed smears fixed with methanol and stained with 
Giemsa's stain (Karrar, 1960). Recently, ELISA and PCR were used for 
detection of E. ruminantium.  
 
1.5.4. Babesiosis  
Babesiosis is a group of tick-borne diseases caused by Babesia 
species of which 99 species have been described from nine orders of 
mammals. Thirty two species were found in rodents, 26 in carnivores and 
21 in ruminants (Kettle, 1995). Genera of ticks that transmit Babesia 
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species are Boophilus, Dermacentror, Haemaphysalis, Ixodes, and 
Rhipicephalus. In Africa, the vectors are B. annulatus, B. decoloratus, R. 
appendiculatus and R. e. evertsi (Arthur, 1962). Two species are important 
in the Sudan, B. bigemina and B. bovis. The former is transmitted by B. 
decoloratus and B.  annulatus while B. bovis is only transmitted by B. 
annulatus (Abdella, 1984). These two species are the most economically 
important Babesia spp. infecting cattle in addition to B. divergens and B. 
occulatus (de Vos, 1991). Other Babesia species are B. caballi of equines 
B. ovis, B. motasi and B. trautmanin of sheep and goats (Table 2). The 
canine Babesia spp. are B. canis and B. gibsoni, and feline Babesiosis is 
caused by B. felis and B. herpuluri (Leeflang, 1978). Six species of Babesia 
have been reported from cattle, these are. B. argentina, B. berbera, B. 
bigemina, B. bovis, B. divergens and B. major, B. bigemina is the cause of 
cattle tick fever red water and piroplasmosis and in North America Texas 
fever (Soulsby, 1982). 
 
1.5.4.1. Life cycle of Babesia spp. 
 The infective stage (vermicules) from the salivary glands of the ticks 
is injected to the host with no exoerythrocytic stage. The parasite 
immediately enters erythrocytes and undergoes schizogony. The 
transmission of the parasite is transovarian (Schmidt and Robert, 1982).  
 
1.5.4.1.1. Life cycle in the invertebrate hosts 
Ticks get infected by Babesia spp while feeding on an infected 
animal through the ingested blood that contains many piroplasms. The 
parasites are released in the midgut, where a sexual cycle develops by 
formation of isogamets which produce ookinetes. The ookinetes glide 
around the inner surface of the gut epithelium, and migrate through the 
haemocoel to the ovaries and enter a developing ovum. Here no further  
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     Table (2).  The important Babesia spp. of animals (Uilenberg, 2006). 
species Host vector distribution 
Babesia 
bigemina 
Cattle, buffalo Boophilus, 
Rhipicephalus 
Africa, Asia, America, 
Australia, Europe 
B. bovis Cattle, buffalo Boophilus, 
Rhipicephalus 
Africa, Asia, America, 
Australia, Europe 
B. divergens Cattle Ixodes Europe 
B. major Cattle Haemaphysalis Europe 
B. occultans Cattle Hyalomma Africa 
B. beliceri Cattle Hyalomma Russia 
B. ovata Cattle Haemaphysalis Asia 
B. orientalis Buffalo Rhipicephalus Asia 
B. crassa Sheep, goat Unknown Asia 
B. motasi Sheep, goat Haemaphysalis Africa, Asia, Europe 
B. ovis Sheep, goat Haemaphysalis Africa, Asia, Europe 
B. caballi Horse, donkey, 
mule 
Dermacentor, 
Hyalomma 
Africa, Asia, Europe, 
America 
B. trautmanni Pig Rhipicephalus Africa, Europe
B. canis Dog, cat Dermacentor, Europe 
B. rossi Dog Haemaphysalis Africa 
B. gibsoni Dog Haemaphysalis Africa, Asia, Europe 
B. felis Dog, cat Rhipicephalus Africa, Europe 
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development of vermicules takes place until they reach salivary glands of 
the developing larvae. In the salivary glands, the vermicules develop to 
become sporozoites which are injected with the saliva into the host (Rick, 
1964).   
 
1.5.4.1.2. Life cycle in the vertebrate host 
When the tick feeds on a vertebrate host,  Babesia spp. in the host 
and multiplication occurs in the erythrocytes by schizogony to form two, 
four or more trophozoites. These are released and invade other 
erythrocytes. This process is repeated until a large percentage of red blood 
cells are infected. The erythrocytic forms are readily transmissible by 
mechanical means or by vectors to other animals (Soulsby, 1982). 
 
1.5.4.2. Main symptoms of babesiosis 
The disease is severe in adults than in calves. Mortality rate in acute 
cases is as high as 50 - 90%. Symptoms are sudden rise in temperature, 
dullness, loss of appetite, with more than 75% of erythrocytes destroyed 
resulting in anaemia. Jaundice is a result of mechanical clearance of 
haemoglobin (Schmidt and Robert, 1982).                                            
        
1.5.5. Anaplasmosis 
Anaplasmosis is vector- borne infectious, haemolytic, rickettsial 
disease of cattle, sheep, goats, and other ruminants. The organism occurs in 
the erythrocytes and is transmitted by natural means through a number of 
haematophagous species of ticks and flies (Walid et al., 2007). The most 
pathogenic species is A. marginale in cattle which is widely distributed in 
tropical, subtropical and temperate zones (Uilenberg, 1983). The other non 
pathogenic species is A. centrale which is found in South Africa. 
Anaplasmosis can be transmitted by twenty species of ticks (Bram et al., 
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1983), but Boophilus species are the most efficient vectors (Blood et al., 
1990). They transmit the disease trans-stadially and transovarially while 
biting flies (Tabanids, Stomoxys) play an important role in mechanical 
transmission beside surgical instruments and injection needles (Uilenberg, 
1983).  
 The disease causes severe anaemia and wasting in adult cattle, young 
cattle and most other ruminants which do not show clinical signs but 
remain as carriers (Walid, et al., 2007). Diagnosis is confirmed by the 
presence of marginal bodies in Giemsa´s stained blood smear. They appear 
as dark blue purple bodies' 0.3 - 1µm along the margin of erythrocytes and 
by serological methods (Knowles et al., 1996). Treatment is achieved by 
using long acting tetracycline and imidocarbs. An attenuated vaccine of A. 
centrale was used to control the disease in Australia, Bolivia, Colombia 
and Argentina (Montenegro-James, 1991 
  
1.6. Diagnosis of tick-borne diseases 
Highly sensitive and rapid diagnostic tests are important for effective 
control and treatment of tick-borne diseases. Clinical and postmortem signs 
do not meet these requirements, so several techniques for detection of tick-
borne diseases have been developed.   
 Provisional diagnosis includes history, clinical signs, postmortem 
findings and knowledge of disease and vector distribution (OIE, 2000). In 
case of T. annulata, the disease maintained exclusively in cattle and occurs 
within the range of H. anatolicum (FAO, 1983). The clinical signs include 
enlargement of superficial lymph nodes (Robinson, 1982), rise in body 
temperature, difficult breathing and frothy exudates from nostril (Boutler 
and Hall, 2000). The animal becomes dull, recumbent and death may 
follow within two to three weeks of infection (Gill et al., 1977). 
Postmortem findings include subcutaneous and pulmonary oedema, 
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petichial hemorrhages on various organs (Irvin and Mwamachi, 1983). 
Laboratory diagnosis is more accurate and confirmatory. Theileria spp. 
parasite can be easily detected in mammalian host and the vector tick 
(FAO, 1984). The method used to detect the parasite in mammalian host is 
by preparation of blood smear, lymph node biopsy smear and post mortem 
impression smear that are stained by Giemsa´s stain (Norval et al., 1992). 
The most commonly used method for diagnosis of T. annulata and T. parva 
is the indirect fluorescent antibody (IFA) test (Burridge, 1971; Burridge et 
al., 1974; OIE, 2004; 2005). The IFA test with either schizont antigen 
prepared from T. annulata infected lymphoblastoid tissue culture cell lines 
or piroplasm antigen obtained from highly parasitaemic animal is used 
(Pipano and Cahana, 1969). The test is widely applied in epidemiological 
studies in different countries of Africa including the Sudan (FAO, 1983; 
Alani et al., 1987).  
The enzyme link immunosorbent assay (ELISA) is increasingly used 
for detection of parasite specific antibody, antigens and immunocomplex 
(Kachani, et al., 1992). ELISA based on schizont antigen functioned well 
in the case that cellular fraction was enriched from the soluble fraction 
(Manuja et al., 2000). ELISA has the advantage above IFA test in that they 
are less laborious, relatively easy to perform and a large number of animals 
can be tested in a quite short time and hence more useful in 
epidemiological studies. Both schizonts and piroplasms have been used as 
antigens (Manuja et al., 2000). The test has been applied for serodiagnosis 
of infections with T. annulata (Kachani et al., 1992) and T. parva (Grag et 
al., 1980). Two ELISAs based in recombinant protein have been 
developed, firstly, the sporozoite antigen (SPAG-1) was demonstrated to 
detect exposure to T. annulata but sensitivity and specificity of this ELISA 
have not been evaluated. Secondly, merozoite rhobtry antigen (Tams-1) 
was tested as candidate antigen for diagnostic ELISA (Ilhan et al., 1998). 
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Later T. annulata surface protein (TaSP) was characterized and proposed 
for use in diagnostic tests and subunit vaccine (Schnittger et al., 2002). 
 The polymerase chain reaction (PCR) is the most commonly used 
tool. Target sequences are DNA and ribosomal RNA as well as fragments 
derived from random amplified polymorphic DNA (RAPD) (Comes et al., 
1996). Allsopp and Allsopp (1988) showed that repetitive DNA sequence 
from T. parva stock used as radio-labeled probes, hybridize specifically to 
T. parva parasite, DNA but not to T. mutans, T. annulata and T. taurotragi 
DNA. It is a powerful and sensitive technique and may play a significant 
role in identification of mixed Theileria spp. infection, which commonly 
occur in cattle exposed to natural tick challenge. The DNA probes were 
identified for diagnosis of heartwater (Mahan et al., 1991). The test is 
increasingly used to detect Babesia infection especially in sub clinical 
situation when organism is not demonstrable in the blood (Soulsby, 1982).  
 This restriction fragments length polymorphism is a simple way of 
differentiation Theileria species since antibody can remain circulating for 
some times after the parasite has been cleared from the animal (Zarlenga 
and Higgins, 2000). Serological assay do not always provide information 
about the actual presence of the parasite. The development of molecular 
biology has made available tools that detect parasite molecules which are 
important in veterinary diagnostic parasitology (Zarleng and Higgins, 
2000). The advantage of PCR has allowed development of very sensitive 
diagnostic assay for T. parva (Bishop et al., 1992) and T. sergenti (Tanaka 
et al., 1993). The first PCR application for T. annulata diagnosis in bovine 
host was based on Tams-1 gene (d´Olivera et al., 1995). It is also possible 
to detect T. annulata in Hyalomma spp. using the same technique 
(d´Olivera et al., 1997). 
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1.7.   Economic losses 
 Ticks constitute the most important livestock pest in African and 
they are found in the entire 30 million square kilometers of the Africa 
continent (Punyua, 1992). Losses due to tick-borne diseases are incurred by 
mortality, abortion, reduction in milk yield and weight gain, reduce 
productive life and cost of treatment (El Hussein et al., 2003). In tropical 
and temperate areas where they pose a problem, ticks are responsible for 
hundreds of million of US dollars loss per year (Soulsby, 1982). ). Mukhebi 
et al. (1992) estimated that annual losses due to T. parva in Central and 
East Africa is about US$ 168 million. The annual cost of control and 
damage caused by tick and tick-borne diseases was estimated by US$ 7 
billion (McCosker, 1979). Mohammed (2003) found that there is a heavy 
loss in liveweight gain which is attributed to tick infestation. Pegram and 
Banda (1990) evaluated the effect of feeding of A. variegatum on the 
liveweight gain in yearling cattle to be 4.9 kilograms after 16 weeks. 
Chemical acaricides are considered as main source of draining of hard 
currency in Africa. Mohamed (2003) added the cost of the control using 
acaricides or any other methods to the cost of the direct losses due to tick 
and tick-borne diseases. Tick may harm their host by injuries caused by 
their bites which may predispose the host to attacks by blowflies, 
screwworm, or by sucking blood and by transmission of viruses, bacterial 
protozoal or rickettsial diseases. These effects together may vary from 
situation where it is impossible to raise livestock to one where great 
expense is incurred in control of ticks. Feeding of Amblyomma species on 
the udder predisposes to mastitis and teat damages resulting in significant 
high loss in milk yield (Hassan, 1997). El Imam (1999) reported that 10.8% 
cows with one damaged teat, 3.1% with two damaged teats and 0.44% with 
three damaged teats. Gamal and El Hussein (2003) estimated the financial 
loss due to the tropical theileriosis in a dairy farm in Eddamer to be 29%. 
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Anemia cause by loss of blood is another important impact of ticks on 
livestock industry. The amount of blood taken by a particular vector is 
important epidemiologically (Rechav et al., 1994).              
 
1.8. Control 
 King et al. (1988) reported that the first step on controlling any tick 
species is fathering information concerning its ecological and biological 
behaviour. This includes life cycle, population dynamics and host seeking 
behavior. In Africa the widespread introduction of Bos taurus cattle which 
are more susceptible to ticks and tick- borne diseases has exacerbated the 
problem of tick control. In fact, cattle tick control was originally introduced 
to reduce mortality from tick-borne diseases rather than to prevent losses in 
productivity caused by tick per se (Latif and Pegram, 1992).  
                                                    
1.8.1. Chemical control 
The conventional method of controlling ticks is by applications of 
chemical acaricides which are costly, toxic and not environmentally 
friendly (Hassan, 2003). The compounds used have varied greatly in their 
efficacy per unit concentration and their cost (Aziz, 1993). Annual costs of 
acaricide importation to Kenya, was estimated at US$ 16 millions (Tatchell 
et al., 1989). Further disadvantages of chemical acaricides use are 
development of resistance of ticks to various acaricides (Aziz, 2003), 
beside the environmental pollution among other adverse effects on non 
target organisms and toxicity to man and animals. Intensive and thus 
expensive dipping or spraying programs have been largely unsuccessful in 
eradicating ticks and tick-borne diseases (Jongejan and Uilenberg, 1994). 
Uspensky (1996) reported that DDT was the only acaricide which produced 
complete elimination of tick population. For the dipping to be effective, the 
tick species need to be controlled should be identified as the interval 
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between dipping varies from 1- host tick to that of two or three host one. 
One host ticks require 2-5 weeks interval while two and three host ticks 
required 5-7 days. The most effective way of controlling livestock ticks is 
through application of integrated tick management (ITM) package. The 
main criteria of ITM are that the method should be economically 
affordable, adaptable to local and social conditions, suitable and 
environmentally friendly (Hassan, 2003). Laffont et al. (2001) stated that 
natural licking behaviour of cattle, both self and allo-licking is a route of 
contamination with parasiticides. They found that when cattle treated with 
pour-on ivermectin, 70% of the dose was found in the face of licking cattle 
compared to 6.6% in the face of non-licking cattle. This may result in 
unexpected residues in meat and dairy products as an environmental 
contamination via cattle dung. Stachurski and Lancelot (2006) described 
the construction and evaluation of foot baths to be used every other day to 
apply small volumes of acaricide wash to the feet of cattle. 
 
1.8.2. Ecological control 
 Since ticks spend only about 3-5% of their lives on host while 
feeding and the remaining period is spent on the ground, so with better 
understanding of the ecology and behaviour of tick that focus on non 
parasitic phase particularly when undergoing development or host seeking 
offer the best promise for their management (Hassan, 2003). In Australia, 
Jonsson et al. (2000) reported that when milking cows where held for two 
hours of the milking place away from their enclosures to allow engorged 
ticks to drop, there was drastic reduction in ticks' population. Fully 
engorged ticks could easily to be removed by hands during milking. Hand 
detecting has been a method of tick control practiced by farmers in West 
Africa (Dipeolu et al., 1992). Desiccation of eggs is less pronounced in 
shaded habitats implying that rough pasture increasing their survival. Thus, 
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habitat modification such as reduction in bushes and vegetation may 
effectively reduce tick population. Similarly, prescribed burning of 
vegetation and heavy grazing (Norval et al., 1992) destroy breeding sites of 
ticks. Removal of manure and burning litter kill a large number of 
engorged ticks, larvae and nymphs found on the ground. Punyua and 
Hassan, (1992) demonstrated that cattle restricted from grazing a part of a 
day carried significantly less tick than freely grazing one. It is of value to 
consider intergrazing cattle, sheep and goats in areas where tropical 
theileriosis and malignant ovine theileriosis coexist. H. anatolicum, the 
vector of tropical theileriosis when feed on sheep and goats drops as clean 
non infected with T. annulata (FAO, 1984). The same tick infected with 
Theileria lestoquardi when feeds on cattle drop as clean non infective to 
sheep.  
 
1.8.3. Biological control 
The most important predators are birds among which chickens where 
found to pick ticks consistently from cattle which acknowledged presence 
of chickens and facilitated the predation (Hassan et al., 1991). When 
chickens were consistently brought in close proximity to tick infested cattle 
there was reduction in tick load by 47% (Hassan and Odhiambo, 1996). 
Some opportunistic predators play a role in tick control such as toads, 
snakes, rodents and lizards.  Ixodiphagus hookei a parasitoid which lays its 
eggs in nymphs of A. variegatum reduce tick load in cattle by about 95% in 
a trial in Western Kenya (Mwangi et al., 1997). Parasitoids for tick control 
were reported to be successful at first with proven reduction on tick 
number, but later the ticks were found to increase again (Mwangi et al., 
1991).  
 Pathogens were also considered in tick control. Fungi, rickettsia, 
protozoa, bacteria and viruses or their metabolite products are used to 
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control the target vectors (Calberg, 1986). Suliman (2008) showed that 
Metarhizium anisopliae treated flat nymphs showed high mortality of 
infection while these of Scopulariopsis brevicaulis causes only 22% 
mortality, whereas it cause 100% and 95% mortality to H. anatolicum 
larvae of Metarhizium anisopliae and Scopulariopsis brevicaulis  
respectively. Kaaya and Hassan (2000) used two species of fungi viz, 
Metarhizium anisopliae and Beauveria bassiana, isolated from A. 
variegatum female, as lethal pathogens to ticks. Cattle and their grazing 
fields were sprayed. Reduction on population of A. variegatum and R. 
appendiculatus achieved was significant. Rickettsia prowazeki was used to 
artificially infect females of Dermacentor marginatum and D. albipictus 
(Rehacek, 1965). 
 
1.8.4. Host resistance 
 Studies on the breeds and individual variations in host resistance 
under natural conditions can be carried out by regular observation on 
different tick infestation level on animals under the same management. The 
tick counts are then related to the relative resistance level of the host (Latif 
and Pegram, 1992). Animal should be matched for age and physiological 
status (Utech et al., 1978). In Africa, it is evidence from all reported studies 
that zebu cattle carry significantly less tick than the exotic breeds of cattle 
(Latif, 1984). Host resistance manifested itself against attacking ticks of 
different species and stages in such a way as to reject them, high resistant 
cattle keep overall total tick populations very low. In contrast, low resistant 
cattle in the same herd or in the same farm produce higher peaks at certain 
seasons (Latif and Pegram, 1992). Latif et al. (1991) found that resistant to 
R. appendiculatus was manifested strongly by high resistant cattle in 
Western Kenya, at the time of high tick activity. High resistant cattle 
responded with an increase of only one to two folds compared to three to 
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five folds in low resistant. Animal with low resistant allow great proportion 
of tick populations than low resistance which tend to limit excessive 
multiplication (Latif and Pegram, 1992). The distribution of ticks with the 
herd in such that 9- 30% of cattle carry 50% of the total tick population 
infesting the herd (Latif, 1984). This relationship has been found to be 
identical for both R. appendiculatus counts alone and all ticks infesting 
animals. This implies that a dominant species rather than total counts could 
be used for resistance incrimination of cattle (Latif et al., 1991). Latif and 
Pegram (1992) suggested that culling of low resistant cattle, their selective 
treatment with acaricides or by breeding from higher resistant lead to 
substantial reduction in the overall tick population and reduce the cost of 
dipping. Latif et al. (1991) demonstrated the effects of host resistance on 
the feeding performance capacity and survival. With the wide variation of 
host resistance occurring in the field, those ticks which feed on animals of 
very low resistance had better survival and are responsible for maintaining 
population levels. However, the solution seems to be simple, improvement 
of tick resistance and selection could be based on one or two tick species of 
economical importance in the country, R. appendiculatus and A. 
variegatum would be the target ticks in eastern, central and southern 
Africa. Selection for resistance to one piece or one stage of life cycle of 
particular tick can be expected to result in a positive response to resistance 
to other species and stages of both that tick species and other species  
                
1.8.5. Vaccination against ticks and tick-borne diseases 
Immunization against tropical theileriosis by the infection and 
treatment method had been successfully used (Pipano, 1981), but with 
limited field application. In this method, infections were induced by 
inoculation of ground-up tick supernatant. Simultaneously, the animals 
were treated with long acting tetracycline. The treated animals showed mild 
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reaction and developed a solid immunity to homologous challenge (Gill et 
al., 1978). The first effective vaccine against ticks was developed against 
Boophilus spp. It was commercially available in Australia as TickGARD 
plus and GAVAC in Cuba. This vaccine was isolated as hidden antigenic 
polypeptides from tick midgut (FAO, 2004), known as Bm86 which is 
membrane-bound glycoprotein (Gough and Kemp, 1993). This vaccine has 
been successfully used to control ticks in many countries. In Australia, 
TickGARD plus vaccine against B. microplus caused high mortality, 
reduction in engorgement weights and eggs production and lead to decrease 
in tick population (Jongejan and Uilenberg, 1994; Hassan, 2003; Suliman, 
2005). GAVAC has been employed in Cuba, Brazil and Mexico where the 
vaccine showed 55% to 100% efficacy in control of B. microplus in grazing 
cattle (Redondo et al., 1999). Bm86 vaccine has a significant level of cross-
protection among other Boophilus spp. Specially with B. annulatus giving 
an efficacy of about 99.9% (de la Fuente et al., 1999), and good level of 
partial protection against H. anatolicum and H. dromedarii (Hassan, 2003.; 
Suliman, 2005). Vaccination with TickGARD vaccine reduces the number 
of ticks engorging on calves by 24%, the mean weight of ticks by 21%, the 
mean egg weight per tick by 22% and for overall efficacy of 61% (Odongo, 
et al., (2007). Vaccination combining both vaccines exposed and concealed 
has been used. The result was broad-spectrum effectiveness against both 
adults and immature stages of wide variety of tick species that showed 
transmission blocking and protective activity against TBDs (Nuttall et al., 
2006). On the other hand, cell culture vaccine for tropical theileriosis was 
established in Israel (Pipano and Tsur, 1966) and successfully applied in 
many countries such as Iran (Hashemi-Freshaki, 1998), Spain (Viseras et 
al., 1997), China (Zhang, 1997), Morocco (Ouheli et al., 1997) and Turkey 
(Sayin et al., 1997). Darghouth et al. (1996a) showed that attenuation 
reduces the level of immunity to heterologous challenge bringing attention 
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to the necessity of respecting a balance between the levels of attenuation 
and immunogenicity and also demonstrated that the good level of 
heterologous protection afforded by the parental non attenuated cell lines 
could be extrapolated to the attenuated cell lines that derived from them.  
Schizont cell culture vaccine provided immunity against T. annulata for at 
least 6 months (Beniwal et al., 2000; Khatri et al., 2001). 
 
1.8.6. Treatment 
Antibiotics such as tetracyclines, sulphonomides and imidocarb are 
employed in the treatment of TBDs (FAO, 1984). Parvaquone (parvixone) 
and Buparvaquone (Butalex) has a wide safety margin and is effective 
against both schizont and piroplasms (El Hussein et al., 1993). There are, 
many medicines used in treatment against Babesia spp. For example, 
Imidocarb, Trypan blue which are more effective against B. bigemina and 
Dimisanzen (Berenil) widely used against Babesia spp. (FAO, 1984). 
Mbwambo et al. (2002) showed that parvaquone plus frusemide 
(Parvexon®) might be a drug of choice in ECF treatment. 
 
1.9. Objectives of the study:  
1.   To identify tick species infesting cattle in the Red Sea State.  
2. To determine seasonal changes of ticks infesting cattle in the state. 
3. To determine prevalence of tick-borne diseases of cattle in the state.  
4. To establish knowledge on distribution and seasonality of tick-borne 
diseases in the state.       
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CHAPTER TWO 
MATERIALS AND METHODS 
 
2.1. Study area 
 This study was carried out in the Red Sea State which occupies the 
northern east corner of the Sudan between longitudes 17° - 22° N and 
latitudes 33° - 38° E. It is bordered by Egypt in the north, Eritrea and 
Kassala State in the south, River Nile State in the west and the Red Sea in 
the east (Anon, 2002). The total area is about 210410 Km² (10% of the area 
of the Sudan). The principal types of livestock found in the state are cattle, 
sheep, goats and camels. The animal population in the state is composed of 
approximately 112, 000 cattle 661,000 sheep, 512, 000 goats and 212, 000 
camels. The state is divided into ten localities Halaib in the north, Gonoub 
W Aolib and Gabit Elmadeen in the west, Toker and Ageeg in the south, 
Port Sudan and Soakin in the middle, Sinkat, Haya and Dordeeb in the 
south west of the state. The climate is of dry hot desert and semi desert 
where rainfall ranges from zero in the northern parts to 50 mm in the 
southern and the coastal belt (Table 1). The coastal belt is characterized by 
rainfall during winter season from October to January. Topographically the 
state can be divided into three plains. The coastal part which is considered 
as the lowest land of the state at the sea level extends from Agig to Halaib. 
Mountain part from Dordeeb up to the south of Halaib. Following the 
mountains is the desert on the western borders of the state. On the south 
east direction of the state in Toker there is an irrigated scheme by rain 
water through flow of Baraka and Langreb streams. The vegetation cover 
in the state is poor, most of which is found around the streams and Khors  
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Table (3). Mean monthly meteorological data of Port Sudan                     
in 2007. 
   Months             Temperature (°C)             Relative           Total rainfall 
                         Maximum      minimum       humidity (%)         (mm)  
     January           26.42           19.52          59                  0 
     February         27.92           18.4             55                  0 
     March             29.7             19.21           57                  0 
     April               33.2             21.7             51                  0 
     May                40.8             27.52           33                  8.0 
     June               42.50            29.52           32                  4.0 
     July                43.20           31.12            33                  19.3 
     August           41.92           30.02            29                  7.0 
     September     33.12           32.2              55                  0 
     October         34.02           25.50            46                  0 
     November      31.12           23.7              62                  1.2 
     December       28.92          21.12            62                  0 
Source: Port Sudan Airport Meteorological Station. 
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at the mountains and in the southern part of the state. The dominant trees 
are Acacia spp. Two types of animal husbandry and breeding systems are 
practiced for cattle production in Red Sea State. These include semi-
intensive and semi-nomadic systems of husbandry. The semi-intensive 
system is found in Port Sudan and Gonoub W Aolib localities. Cattle types 
in these localities are of Bos indicus (Butana, Halfa, Gash and Airshai) and 
cross-bred (Friesian x Butana). The other system of husbandry is semi-
nomadic system in Toker locality, where only B. indicus (Halfa, Airshai 
and Gash) cattle are found. 
 
2.2. Collection of samples 
 Collection of samples (ticks, blood smears and serum) was carried 
out in three apart localities which were Port Sudan (19° 61' N: 37° 21' E), 
Gonoub W Aolib (19° 75' N: 37°25' E) and Toker (18° 8' N: 37° 4' E) (Map 
1). Sampling was carried out at two monthly intervals for 12 months from 
January to December 2007. Samples were collected from 45 heads of cattle 
each time from each locality and were from different age group. Cattle 
sampled were of three age groups i.e. less than two years old calves, two to 
four years old heifers or steers and older than four years cows or bulls, the 
same animals were used every time.  
2.2.1. Tick collection     
Tick collection was carried out from the three localities. Cattle were 
restrained and cast while all visible attached ticks were collected in vials  
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Source Sudan Survey Department 
 
Map1: Red Sea State. Arrows show localities from where samples were 
collected. 
Red Sea  
Egypt 
River Nile State 
Kassala State  
Eritrea
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containing 70% ethanol. These vials were labeled indicating locality, age, 
sex and date of collection. Ticks were identified under a dissecting 
microscope and recorded according to sex and developmental stages. 
Identification was carried out according to Hoogstraal (1956), Okelo-Onen 
et al. (1999), Walker et al. (2000) and Walker et al. (2003) methods.  
 
2.2.2. Blood samples collection 
Blood was taken from the ear veins and blood smears were made and 
labeled in pencil on the smear indicating age, sex, locality and date of 
collection.  
 
2.2.2.1. Preparation of blood smears 
Blood was obtained  from  the ear veins. A small drop of blood was 
put on a microscope slide; another slide was used as spreader. An acute 
angle between the slide and spreader was made to obtain one thin layer 
smear. The smear was taken in such a way that the tail of smear did not 
extend to the end of the slide. The slide was then air dried and immediately 
fixed with absolute methyl alcohol for few seconds and then the smear was 
stained with Giemsa´s stain.  
 
2.2.2.2. Preparation of Giemsa´s stain 
 Giemsa´s stain was prepared from 3.8 grams of commercial 
Giemsa´s powder and a volume of 250 ml of absolute methanol was 
gradually added to the powder until it completely dissolved. A volume of 
250 ml of pure glycerol was then added to the mixture and thoroughly 
mixed. The solution was then allowed to stand at room temperature for 
seven days. Then, the solution was filtered through № 1 Whatman filter 
paper (Backer and Silverton 1980).   It was stored at 4°C until used  
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2.2.2.3. Preparation of phosphate buffered saline 
 One tablet of phosphate buffer was dissolved in one litre of distilled 
water and the pH was adjusted to 7.2.  
 
2.2.2.4. Giemsa´s stains procedure 
 One ml of Giemsa´s stain stock solution was diluted in 9 ml 
phosphate buffered saline (PBS) (pH 7.2). The slides, were then flooded 
with the stain for 30 minutes. Then, they were washed with distilled water 
and allowed to air dry at room temperature. 
 
2.2.2.5. Examination of blood smears 
 The slides were thoroughly examined under a research compound 
microscope using oil immersion. The parasites searched for included 
Theileria spp. piroplasms, Babesia spp. and Anaplasma spp. 
 
2.2.3. Serum collection 
 Whole blood (about 10 ml) was collected from the jugular vein of 
cattle by syringes and put into glass test tubes. The tubes were labeled 
indicating animal number, locality and date of collection prior to arranging 
on racks. The blood was allowed to clot at room temperature for 1 - 2 hours 
and then left overnight at 4°C. Centrifugation at 1500 rpm for 10 minutes 
was carried out. Serum was then removed by a separate Pasteur pipette for 
each sample and transferred to appondorf tubes that were labeled indicating 
number of cattle, date of collection and locality. Serum was then kept in a 
deep freezer at -20°C until used. 
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2.3. Biochemical tests 
2.3.1. Total proteins 
 Total plasma proteins were determined by the Biuret reaction 
described by Weichselbaum (1946). The principle of this method depends 
on the fact that copper in alkaline solution reacts with the peptide linkage 
of amino acids of the protein producing a blue colour. The optical density 
(OD) of the developing colour was measured at 450 nm wavelength in a 
spectrophotometer (Unican 8625, England) and the protein concentration 
was calculated in gm/100 ml of plasma as follows: 
                                   O D sample    x 7.5  
                                  O D standard                                                           
  
2.3.2. Plasma albumin concentration 
 Plasma albumin was determined by the use of the Bromocresol green 
(BCG) reagent as described by Kertman (1971).The test was based on the   
measurement of plasma albumin binding to BCG indicator. Plasma samples 
were added to buffered solution of BCG (17.3 ml of 1 M sodium citrate, 
32.7 ml of 1 M citric acid, 6 ml of 0.01 M bromocresol green and 800 ml of 
distilled water). This was left for 5 minutes at room temperature, producing 
a blue colour. The absorbance was read in a spectrophotometer (Unican 
8625, England) at wavelength of 637 nm. Albumin concentration was 
calculated in gm/ 100 ml of plasma as follow: 
                          OD sample   x 5 
.                       OD standard 
 
2.3.3. Blood urea 
 Plasma urea level was determined by Diacotyl method described by 
Evans (1968). The method is based on the decomposition of urea in the 
plasma into ammonia and carbon dioxide by the action of the enzyme 
urease. The ammonia formed by the urease action reacts with phenol in the 
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presence of hypochlorite to form indophenol, which gives a pink coloured 
compound with alkali. The nitroprusside acts as catalyst increasing the rate 
of the reaction. Changes in the scale reading of the spectrophotometer at 
wavelength of 630 nm were recorded and the values were calculated in 
gm/100ml of plasma and then converted to µmol/l. 
 
2.3.4. Total bilirubin 
 Total bilirubin concentration in the plasma (including both conjugate 
and free bilirubin) was determined by the calorimetric method described by 
Dangerfield and Finlayson (1953). The method is based on the conversion 
of plasma bilirubin by means of diazosulphanilic acid to azobilirubin 
(purple colour). The reaction is facilitated by the addition of caffeine buffer 
to obtain total bilirubin. Changes in absorbance were measured using 
spectrophotometer at wavelength of 540 nm. The values were calculated in 
gm/100 ml from a calibration curve that obtained by using graded 
concentration of pure bilirubin solution. The results were expressed in 
µmol/l. 
 
2.4. Serological tests 
2.4.1. Indirect fluorescent antibody (IFA) test 
 This test is the most widely serological test used for detection of T. 
annulata antibodies (OIE, 2005). The IFA test was described by Burridge 
et al. (1974), FAO (1984) and Darghouth et al. (1996b). 
 
2.4.1.1. Phosphate buffered saline 
 One tablet of phosphate buffer Dulbecco A (Oxoid, England) pH 7.2 
was dissolved in 1000 ml distilled deionised water and autoclaved at 15 
lbs/sq in pressure for 15 minutes. 
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2.4.1.2.  Conjugate 
 Labeled conjugate is available commercially as lyophilized powder 
usually rabbit anti-bovine IgG (Nordic or Miles) stored at 4°C. To make up 
and reconstitute in 2 ml sterile distilled water it was mixed well, 
centrifuged to precipitate insoluble lumps divided in 50 µl aliquots in 0.05 
ml micro-capped centrifuge tubes, and stored at ─20°C in dark bottles. 
When needed, these aliquots were thawed and diluted to the required 
strength (usually 1/80 by adding 3.95 ml PBS). 
 
2.4.1.3. Mountant 
 A volume of 50 m M Tris buffer pH 9.2 was made up 50 ml and the 
pH was adjusted with NHCI (121 mg/l 6.05 mg in 50 ml). A volume of 10 
ml was mixed with 20 ml glycerol to make a 66% solution of glycerol in 
Tris buffer and then stored at 4°C. 
 
2.4.1.4. Preparation of antigen 
 The slide antigens were prepared from T. annulata Soba strain 
infected cell lines isolated from a pure Friesian 4 months old calf. 
 
2.4.1.4.1. Culture techniques 
 According to the method described by Brown (1980), when the T. 
annulata parasitaemia in the Friesian calf exceeded 10%, 10 ml of the 
blood from jugular vein and biopsy tissue materials were aseptically 
aspirated from the prescapular lymph node. The cell suspension was 
centrifuged at 400 g for 5 minutes. The supernatant was discarded and the 
cell pellets were resuspended in 20 ml of growth media containing 
Glasgow MEM that contains fungizon 5µm/ml, penicillin 200 IU/ml, 
streptomycin 100µg/ml, lactalbumin hydrolysate 5%, yeast extract 1%, 
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Hepes buffer 15 mM, sodium bicarbonate 7.5% and calf serum 20%. The 
cell suspension was dispensed into two sterile 25 cm³ tissue culture flasks 
(Falcon®) prior to incubating at 37°C. The culture was daily examined 
under an inverted microscope. Subculture was attempted when signs of 
transformation occurred, as evidenced by presence of pleomorphic 
refractile mononuclear cells singly or in clumps both in suspension and/or 
attached to the inner surface of the tissue culture flask as monolayer. 
 
2.4.1.4.2. Schizont antigen preparation 
 The content of two schizont culture bottles (approximately 150 ml) 
of cell suspension was centrifuged at 150 g for 10 minutes. The pellet was 
resuspended in 10 ml PBS and centrifuged again at 150 g for 10 minutes. 
Washing was carried out three times before the cells were resuspended in a 
small volume of PBS containing 1% bovine serum albumin (Fraction-v) 
(Sigma®, USA). 
 The antigen suspension was applied onto the PTFE-coated multi-
spots slides (Highved Biological (PTY) LTI), Lyndhurst, RSA). This was 
done by pipetting 200 µl of the schizont suspension into a well and 
immediately aspirating the excess and transferring into the next well using 
a single channeled micropipette (BDSL), adjusted to 200 µl. The slides 
were allowed to air dry for one hour, fixed in cold (+4°C) acetone (Analar) 
for 10 minutes and again allowed to air dry. The slides were individually 
wrapped in tissue paper and packed in aluminium foil with 4 slides in each 
packet. The slide packets were labeled indicating date of preparation, type 
of antigen and number of the slides and stored at -20°C until used. 
 
2.4.1.5. Indirect fluorescent antibody test procedure 
 Antigen slides were removed from -20°C and allowed to thaw at 4°C 
for 30 minutes, then placed at room temperature for another period of 30 
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minutes. The thawed sera (test and control sera) were diluted (1/80) in PBS 
by adding 5 µl sera in to the corresponding tubes (1 ml Polyprophere, 
Micronic®), each contained 395 µl PBS by using automatic pipette with a 
different tip for each serum sample. Antigen slides once thawed and dried 
were placed in humidity chamber (Petri dishes on a moist filter paper). A 
volume of 10 µl of the sample, using an automatic pipette, was put in the 
designated wells on each antigen spot. The pipette tip was changed before 
going on to the next sample. The samples stayed within the spot and were 
not allowed to run into each other. A PBS control was included on at last 
antigen slide, and the slides were left undisturbed in a plastic box with 
moist filter paper and incubated at 37°C for 30 minutes to allow 
antigen/antibody reaction take place. Then, the slides were thoroughly 
washed three times and rinsed by dipping into PBS in a staining jar. Each 
wash was for 10 minutes to remove excess sera, while the buffer being 
renewed after the first 15 minutes, drained and the slides were dried on the 
rack. Meanwhile, FITC conjugate was thawed at room temperature and 
diluted in PBS. This was achieved by dilution to 1/80 (5 µl conjugate in 
395 µl PBS) according to the manufacturer recommendations. Evans Blue 
(50 µl) at a concentration of 0.1% was added to the conjugate as a counter 
stain in order to improve definition of specific fluorescence. A volume of 
10 µl of the diluted conjugate was applied to each test well of the slides and 
they were incubated at 37°C for 30 minutes in the dark, then washed with 
PBS  as described above and air dried. Examination of the slides was 
carried out in a dark room using Olympus Vanox incident-light excitation 
fluorescent microscope (Japan). The slides were examined under ×40 
immersion objective using mountant to detect microscopic fluorescent as 
positive indication. 
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2.5. Statistical analysis  
 Ticks collected were subjected to appropriate general liner model 
(GLM) procedure of statistical analysis using SAS package. The SAS was 
used to perform analysis of variance (ANOVA) and mean separations were 
performed using Ryan-Einto-Welsch multiple range test (REGWQ) 
according to Day and Quinn (1989). Tick counts were transformed to 
(log10(x+1) + 0.5) scale before being subjected to ANOVA according to 
Hassan et al. (1992). Correlation analysis was carried out to relate tick 
abundance to meteorological data. Correlation analysis was also carried out 
to relate tick infestation with biochemical parameters of the animal.  
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CHAPTER THREE 
RESULTS 
 
3.1. Tick survey 
 A total of 5542 ticks were collected from cattle in Red Sea State. 
Cattle were found to be infested with three tick genera of ixodids namely 
Hyalomma, Rhipicephalus and Boophilus. Seven species of ticks were 
recorded namely Hyalomma anatolicum, H. dromedarii, H. impeltatum 
Rhipicephalus evertsi evertsi, R. guilhoni, R. camicasi and Boophilus 
decoloratus. 
 The most abundant ticks were Hyalomma anatolicum (in Toker 
only), H. dromedarii and H. impeltatum while the least abundant ticks were 
Rhipicephalus e. evertsi, R. guilhoni, R. camicasi and Boophilus 
decoloratus. The highest mean total ticks per animal for H. dromedarii and 
H. impeltatum was (6.07±0.21) in Port Sudan, followed by Gonoub W 
Aolib (5.01±0.19), the lowest mean total for these ticks (3.85±0.13) were in 
Toker. H. anatolicum was only found in numerous numbers (4.63±0.08) in 
Toker (Table 4). The peak seasonal prevalence of ticks (6.52±0.30) 
occurred in January and the lowest number (3.13±0.17) was during the hot 
season in July (Table 5). A non-significant difference (P > 0.05) was 
observed between tick abundance and host sex. Bulls carried lower 
(3.97±0.14) than cows (5.49±0.14). Similarly, there was no significant 
difference (P > 05) between ticks feeding on different age groups of cattle. 
The highest mean ticks (7.02±0.21) infested cattle older than 4 years 
followed by 2 to 4 years old group (4.44±0.13) and the least mean tick 
infestation was on calves younger than 2 years (3.47±0.13) (Table 6). 
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Table (4) Mean (± SE) numbers of ticks per animal collected from cattle in different localities in Red Sea State during 2007. 
 
H. anatolicum 
Male         female      total  
Mean 
total   
           H. impeltatum        
Male              female       total  
H. dromedarii 
Male               female     total 
localities 
            
 -  -  - 6.07±0.21a 3.02±0.13a 1.15±0.06a 1.87±0.09a 3.04±0.11a 1.27±0.06a 1.77±0.08a Port Sudan 
4.63±0.08 1.88±0.01 
 
2.74±0.03 3.85±0.13c 
 
1.85±0.07c 0.79±0.04c 1.05±0.04c 2.00±0.07c 0.73±0.04c 1.26±0.06b 
 
Toker 
 -  -  - 5.01±0.19b 
 
2.47±0.11b 0.95±0.05b 1.52±0.08b 
 
2.53±0.10b 1.10±0.06b 1.43±0.07b Gonoub W Aolib 
 
Number of observations = 270 in each locality.                       - = not found  
Means (±SE) followed by the same letter in each column are not significantly different at 5% level based on Rayan’s Q test (REGWQ).           
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        Table (5) Mean (±SE) numbers of ticks per animal affected by sex, age groups and breed in Red Sea State during 2007. 
 
H. anatolicum 
Male         female      total 
Parameter Mean 
total 
               H. impeltatum        
Male              female       total 
H. dromedarii 
Male           female             total 
    
Parameter 
   Animal sex        Animal sex 
3.37±0.19b 
 
1.30±0.09b 
 
2.06±0.13b      Male (91) 3.97±0.14b 1.92±0.09b 0.84±0.05b 1.08±0.05b 
 
2.04±0.08b 
 
0.85±0.04b 1.19±0.06b 
 
     Male (275) 
5.27±0.23a 2.18±0.10a 
 
3.08±0.15a      Female (179)   5.49±0.14a 2.72±0.08a 1.02±0.04a 
 
1.69±0.06a 2.77±0.07a 1.13±0.04a 1.64±0.05a     Female (535)   
   Animal age 
     (Years) 
       Animal age 
(years) 
2.71±0.17c 1.23±0.10c 1.47±0.10c 
 
          <2  (90) 3.47±0.13c 
 
1.54±0.08c 0.68±0.04c 
 
0.85±0.06c 
 
1.93±0.08c 0.89±0.050b 1.04±0.05b      <2  (270) 
4.22±0.20b 1.65±0.10b 2.56±0.13b 
 
          2 – 4  (90) 4.44±0.13b 2.17±0.09b 
 
0.88±0.05b 1.28±0.05b 2.27±0.08b 0.90±0.05b 1.36±0.06b       2 - 4 (270) 
6.96±0.33a 2.77±0.14a 
 
4.18±0.22a          >4 (90) 7.02±0.21a 3.64±0.12a 1.32±0.06a 
 
2.31±0.09a 3.38±0.12a 1.30±0.06a 2.07±0.08a 
 
     >4 (270) 
   Animal breed        Animal breed 
7.14±1.88a 3.00±0.89a 4.14±1.10a         Cross (7) 5.04±0.26a 2.39±0.15a 0.98±0.08a 1.41±0.10a 2.65±0.14a 1.07±0.07a 1.57±0.10a 
 
     Cross (160) 
4.56±0.17b 1.85±0.07b 2.70±0.11b         Zebu  (263) 4.96±0.12a 2.46±0.07a 0.96±0.03a 1.50±0.05a 2.49±0.06a 
 
1.02±0.03a 1.47±0.04a      Zebu  (650) 
Means (±SE) followed by the same letter in each column for each parameter are not significantly different at 5% level based on Rayan’s Q test (REGWQ).          
     Figures in parentheses are number of animals 
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Table (6) Mean (±SE) numbers of ticks per animal seasonally collected from cattle in Red Sea State during 2007. 
 
 
6.02±0.37a 
 
2.33±0.14a 
 
3.68±0.27b 
 
6.52±0.30a 
 
3.20±0.19a 
 
1.21±0.08a 
 
1.98±0.14a 
 
3.32±0.16a 
 
 
1.25±0.09a 
 
 
2.06±0.11a 
January 
5.84±0.48b 2.35±0.21a 3.48±0.32b 
 
6.49±0.32a 3.08±0.19a 1.86±0.12a 
 
1.22±0.10a 3.40±0.18a 1.42±0.10a 1.97±0.12a March 
3.20±0.25c 
 
1.26±0.13b 
 
1.93±0.16c 4.15±0.20c 2.12±0.13b 0.86±0.07b 1.25±0.08b 
 
2.02±0.11c 0.85±0.06b 1.17±0.08bc 
 
May 
2.60±0.22c 1.06±0.11b 1.53±0.16c 3.13±0.17d 
 
1.44±0.11c 0.55±0.06c 0.88±0.08c 1.68±0.10c 0.68±0.06b 1.00±0.07c July 
3.20±0.25c 1.44±0.15b 1.75±0.14c 
 
3..94±0.18c 1.87±0.11b 0.77±0.06bc 1.09±0.08bc 2.06±0.11c 
 
0.83±0.06b 
 
1.22±0.08bc 
 
September 
6.93±0.47a 2.86±0.22a 4.06±0.31a 
 
5.62±0.24b 
 
2.97±0.14a 1.17±0.08a 1.80±0.11a 2.65±0.12b 1.15±0.06a 1.49±0.09b 
 
November 
Number of observations =135 for each month.            
Means (±SE) followed by the same letter in each column are not significantly different at 5% level based on Rayan’s Q test (REGWQ).           
H. anatolicum 
 Male          female              total 
Mean 
 total  
H. impeltatum  
Male               female           total 
H. dromedarii 
Male                  female            total 
   Month    
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3.2. Prevalence of the most abundant tick species in the study area 
3.2.1. Hyalomma anatolicum  
 This xerophilic species was the most abundant species only in Toker 
with a mean of (4.63±0.08). In Port Sudan it was collected in very few 
numbers (6 males and 2 females) while none was found in Gonoub W 
Aolib. 
 
3.2.2. Hyalomma dromedarii 
 This species was found in all localities. The highest mean 
(3.04±0.11) was in Port Sudan followed by Gonoub W Aolib with mean 
(2.53±0.10), while the least mean (1.05±0.04) was in Toker (Table 4). 
There was a significant difference (P ≤ 0.05) between the mean numbers in 
Port Sudan in comparison with Gonoub W Aolib and Toker. There was 
also a significant difference (P ≤ 0.05) between the mean numbers in 
Gonoub W Aolib in comparison with Toker, but there was a non- 
significant difference (P > 0.05) in mean total ticks between Gonoub W 
Aolib and Toker (Table 4). 
 
3.2.3 Hyalomma impeltatum 
This tick species was reported in all localities. The highest mean 
(3.02±0.13) was reported in Port Sudan followed by Gonoub W Aolib with 
mean (2.47±0.11), while the least mean (1.85±0.07) was in Toker. There 
was a significant difference (P ≤ 0.05) between the mean numbers in Port 
Sudan in comparison with Gonoub W Aolib and Toker. There was also a 
significant difference (P ≤ 0.05) between the mean numbers in Gonoub W 
Aolib in comparison with Toker (Table 4). 
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3.3. Ticks found in very low numbers 
3.3.1. Rhipicephalus camicasi 
This tick species was collected in low numbers in Port Sudan and 
Toker during the cool months during January and March (15 males and 7 
females). It was not found in Gonoub W Aolib (Table 7). 
 
3.3.2. Rhipicephalus guilhoni 
 This species was reported only in Port Sudan in December (2 males 
and one female) (Table 7). 
 
3.3.3 Rhipicephalus e. evertsi 
 The red legged tick was rarely found in this study. Only 3 males and 
one female were collected in Port Sudan in May (Table 7).  
 
3.3.4. Boophilus decoloratus 
 The blue tick was recorded in very low numbers in Port Sudan and 
Toker (7 males and 15 females) during January, March and July (Table 7). 
 
3.4. Factors affecting cattle tick load in different localities 
3.4.1. Toker 
 In this locality, the highest tick count was recorded over the whole 
year. The mean number collected per animal per year was (3.85±0.13) for 
both H. dromedarii and H. impeltatum whereas H. anatolicum was found 
in numerous numbers (4.63±0.08) (Table 4). There was a highly significant 
difference (P ≤ 0.01) between mean numbers of ticks throughout the year. 
The highest mean tick abundance was in November (5.42±0.34) 
(6.93±0.47) and the lowest (2.46±0.267) (2.60±0.22) was in July for H. 
dromedarii and H. impeltatum or of H. anatolicum, respectively (Table 8). 
There was a significant difference (P ≤ 0.05) between abundance of ticks 
48 
 
Table (7) Ticks collected in very low numbers from localities of Red 
Sea State during 2007. 
Tick species               Port Sudan               Toker            Total 
 
R. e. evertsi   
        Male                        2                             1                  3  
        Female                    1                             0                  1 
 
H. anatolicum     
        Male                       6                             +                 6           
        Female                   2                             +                 2 
 
R. camicasi 
        Male                       9                             6                 15 
        Female                   4                             3                 7 
 
R. guilhoni 
       Male                       2                             0                 2 
       Female                    1                             0                 1 
 
B. decoloratus 
       Male                       5                             2                 7 
       Female                  10                           5                 15 
+ Ticks collected in large numbers. 
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                          Table (8) Mean (±SE) number of ticks seasonally collected from cattle in localities of Red Sea State during 2007. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                              
                     M   Means ±SE) followed by the same letter in each column for each locality are not significantly different at 5% level based on Rayan’s Q test      (REGWQ). Number of  
                                  observation=45 for each month in locality               
H. anatolicum 
Male        female          total
Total ticks H. impeltatum 
male             female              total 
H. dromedarii 
male            female            total
Locality 
Month 
          Port Sudan 
- - - 8.00±0.56a 
 
4.04±0.41a 
 
1.40 0.16a  2.64±0.33a 4.04±0.41a 1.80±0.20a 2.15±0.16a        January 
- - - 8.17±0.52a 3.75±0.36ab 
 
1.51±0.17a 2.24±0.23ab 4.42±0.32a 1.86±0.16a  2.55±0.24a         March 
- - - 5.80±0.35bc 3.00±0.26ac 1.22±0.15a 1.77±0.17bc 
 
2.80±0.21b 
 
.15±0.101b 
  
1.64±0.16cb         May 
- - - 3.48±0.36a 
 
1.55±0.21d 0.55±0.11b 1.00±0.16d 
 
1.93±0.19c 0.68±0.09b  1.24±0.16c 
  
       July 
- - - 4.62±0.37cd 
 
2.31±0.25cd 1.00±0.14ab 
 
1.31±0.17cd 
 
2.31±0.21bc 0.93±0.12b  1.37±0.18c 
  
       September 
- - - 6.355±0.4b 3.48±0.30ab 1.24±0.17a 2.24±0.21ab 2.86±0.24b 1.17±0.10b  1.68±0.20bc         November 
         Toker 
6.02±0.37b 2.33±0.14b 3.68±0.27b 4.53±0.30b 2.06±0.14b 0.97±0.10ab 1.08±0.09b 2.46±0.23ab 0.82±0.09ab 1.64±0.18a        January 
5.84±0.48b 2.35±0.21b 3.48±0.32b 3.86±0.29bc 1.93±0.19b 0.77±0.12bc 1.15±0.13b 1.93±0.16bc 0.64±0.11b 1.28±0.15ab        March 
3.20±0.25c 1.26±0.13c 1.93±0.16c 3.06±0.26cd 1.53±0.13bc 0.62±0.10bc 0.91±0.08bc 1.53±0.16bc 0.62±0.10b 0.91±0.10b        May 
2.60±0.22c 1.06±0.11c 1.53±0.16c 2.46±0.267d 1.13±0.15c 0.46±0.07c 0.66±0.10c 1.33±0.14d 0.46±0.08b 0.86±0.11b        July 
3.20±0.25c 1.44±0.15c 1.75±0.14c 3.77±0.29bc 1.62±0.14bc 0.68±0.08bc 0.93±0.10bc 2.15±0.18ab 0.71±0.09b 1.44±0.14a        September 
6.93±0.47a 2.86±0.22a 4.06±0.31a 5.42±0.34a 2.84±0.20a 1.24±0.13a 1.60±0.13a 2.57±0.17a 1.15±0.12a 1.42±0.13a        November 
          Gonoub W Aolib 
- - - 7.04±0.55a 3.48±0.30a 1.26±0.16a 2.22±0.22a 3.55±0.28a  1.15±0.14b  2.40±0.20a        January 
- - - 7.44±0.57a 3.57±0.33a 1.37±0.19a 2.20±0.25a 3.866±0.3a  1.77±0.19a  2.08±0.21a        March 
- - - 3.60±0.30c 1.84±0.20c 0.75±0.11b 1.08±0.13b 1.75±0.18b  0.77±0.10b  0.97±0.12b        May 
- - - 3.44±0.27c 1.64±0.19c 0.64±0.11b 1.00±0.14b 1.80±0.17b  0.88±0.13b  0.91±0.11b        July 
- - - 3.42±0.29c 1.68±0.19c 0.64±0.11b 1.04±0.15b 1.73±0.17b  0.86±0.11b  0.86±0.11b        September 
- - - 5.11±0.39b 2.60±0.24b 1.02±0.11ab 1.57±0.19b 2.51±0.20b  1.13±0.12b  1.37±0.14a        November 
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in January for both H. dromedarii and H. impeltatum (4.53±0.30) and H. 
anatolicum (6.02±0.37). There was no significant difference (P > 0.05) 
between tick abundance in March and November for H. dromedarii and H. 
impeltatum and May, July and November for H. anatolicum. Cattle of more 
than 4 years of age carried significantly (P ≤ 0.05) more ticks (4.92±0.21) 
(6.96±0.33) whereas calves less than 2 years of age carried the least load of 
ticks (2.62±0.19) (2.71±0.17) for both H. dromedarii and H. impeltatum, 
for H. anatolicum, respectively (Table 9). There was no significant 
difference (P > 0.05) between the mean numbers of ticks and host sex 
(Table 10) and host breed (Table 11). Correlation analysis revealed that 
there was a non-significant difference (P > 0.05) between the mean 
numbers of tick and total protein, albumin, urea and bilirubin (Table, 12). 
 
3.4.2. Port Sudan 
 In this locality all tick species were prevalent with a variation 
throughout the year. The highest mean abundance was in January 
(8.00±0.56) and March (8.17±0.52) while the lowest (3.48±0.36) was in 
July (Table 8). There was a significant difference (P ≤ 0.05) between the 
abundance in January and March compared to the rest of the year. 
Similarly, there was a significant difference (P ≤ 0.05) between the 
abundance in May in comparison with the rest of the year. There was a 
significant difference (P ≤ 0.05) between the tick load by cattle older than 4 
years (8.76±0.37) and calves less than 2 years (4.36±0.27) for both H. 
dromedarii and H. impeltatum (Table 9). Cows carried significantly (P ≤ 
0.05) more ticks than bulls (Table 10), but there was no significant 
difference (P > 0.05) between mean tick numbers and host breed (Table 
11). There was no significant difference (P > 0.05) between 
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                          Table (9). Mean (±SE) numbers of ticks on different age groups of cattle in localities of Red Sea State during 2007 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Number of observations= 90 in each age group.    Means (±SE) followed by the same letter in each column for  
each locality are not significantly different at 5% level based on Rayan’s Q test (REGWQ).      
< 2 = Two years old calves or less; 2 – 4 = Two to four years old calves; >4=Cattle older than four years. - = no tick found. 
 
 
 
 
 
 
 
              H. anatolicum  
male           female       total 
Total 
ticks 
            H.     impeltatum 
Male            female          total   
                 H. dromedarii    
  Male        female        total 
Locality 
Age(years) 
 Port 
Sudan 
- - - 4.36±0.27c 1.87±0.19c 0.74±0.08b 1.13±0.15c 2.48±0.16b 1.00±0.08b 1.48±0.12b 
 
       <2 
- - - 5.08±0.25b 2.50±0.17b 
 
0.93±0.09b 1.56±0.11b 2.58±0.16b 1.05±0.08b 1.53±0.12b         2 – 4 
- - - 8.76±0.37a 4.70±0.22a 1.78±0.12a 2.91±0.16a 4.06±0.22a 1.75±0.13a 
 
2.31±0.15a         >4 
Toker 
2.71±0.17c 1.23±0.10c 1.47±0.10c 
 
2.62±0.19c 
 
1.30±0.11c 0.61±0.07b 0.68±0.06c 1.32±0.10c 0.64±0.07a 
 
0.67±0.06c 
 
       <2 
4.22±0.20b 1.65±0.10b 2.56±0.13b 
 
4.02±0.21b 
 
1.94±0.12b 0.88±0.08a 1.05±0.06b 
 
2.07±0.11b 0.77±0.07a 1.30±0.08b         2 – 4 
6.96±0.33a 2.77±0.14a 4.18±0.22a 4.92±0.21a 2.32±0.12a 0.88±0.07a 
 
1.43±0.09a 
 
2.60±0.14a 
 
0.78±0.07a 1.81±0.11a         >4 
          Gonoub W 
Aolib 
- - - 3.43±0.21c 
 
1.44±0.12c 0.70±0.09b 0.74±0.07c 1.98±0.13b 1.03±0.10b 
 
0.95±0.07c        < 2 
- - - 4.22±0.24b 2.07±0.15b 
 
0.84±0.08b 1.23±0.10b 2.14±0.15b 
 
0.88±0.09b 1.25±0.10b 
 
        2 – 4 
- - - 7.37±0.38a 3.90±0.19a 1.31±0.11a 2.58±0.16a 3.47±0.22a 1.37± 0.11a 2.10±0.15a         > 4 
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                      Table (10) Mean (± SE) numbers of ticks on bulls and cows in localities of Red Sea State during 2007. 
                            
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Means (±SE) followed by the same letter in each column for each locality are not significantly different at 5% level based  
                           on Rayan’s Q test (REGWQ).       - = no ticks found.         Figures in parentheses are number of animals 
 
 
 
 
 
 
 
 
H. anatolicum 
Male          female       total   
Total 
ticks
H. impeltatum 
Male            female      total  
H. dromedarii 
Male          female         total
 
       Port Sudan 
- - - 4.72±0.27b 2.32±0.19b 0.95±0.10b 1.36±0.13b 2.40±0.14b 0.90±0.0b 
 
1.50±0.12b        Bull    (90) 
- - - 6.75±0.27a 3.37±0.17a 1.25±0.08a 2.12±0.1a2 3.37±0.15a 1.45±0.08a 1.91± 0.a1       Cow   (180) 
           
          Toker 
3.37±0.19b 1.30±0.09b 2.06±0.13b 3.58±0.21a 1.75±0.12a 0.83±0.07a 0.92±0.06b 
 
1.82±0.11a 
 
0.80±0.07a 
 
1.02±0.08b       Bull     (91) 
5.27±0.23a 2.18±0.10a 3.08±0.15a 3.99±0.16a 1.90±0.09a 0.77±0.05a 1.12±0.06a 2.08±0.10a 0.70±0.05a 1.38±0.07a 
 
     Cow    (179) 
           
          Gonoub W Aolib 
- - - 3.63±0.24b 
 
1.71±0.14b 0.75±0.09b 0.95±0.08b 1.92±0.14b 0.85±0.08b 1.07±0.11b       Bull      (94) 
- - - 5.74±0.25a 
 
2.88±0.14a 1.05±0.07a 1.82±0.11a 2.86±0.14a 1.23±0.08a 1.63±0.09a       Cow     (176) 
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                           Table (11) Mean (±SE) numbers of ticks on different breeds of cattle in localities of Red Sea State during 2007. 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures in parentheses are number of animals. Number of observations=15 for H. anatolicum. 
Means (±SE) followed by the same letter in each column for each locality are not significantly different at 5% level  
based on Rayan’s Q test (REGWQ).              - =  not found  
 
 
 
 
 
 
 
H. anatolicum 
  Male         female       total 
Total 
ticks 
H. impeltatum 
Male          female         total 
H. dromedarii 
Male          female         total 
Locality         
Breed 
        
Port Sudan 
- -                          - 5.86±0.5a2.52±0.32a1..52±0.21a        1.00±0.17a 3.34±0.30a 1.84±0.20a       150±0.19a        Cross   (38) 
  6.10±0.230a3.10±0.149a 1..92±0.10a      1.18±0.07a      3.00±0.12a 1.76±0.08a       1.23±0.06a         Zebu    (232 
        
Toker 
7.14±1.88a        4.14±1.10a     3.00±0.89a  4.85±0.96a 2.00±0.37a 1.00±0.15a         1.00±0.21a 2.85±0.67a 1.71±0.56a      1.14±0.26a          Cross   (7) 
4.56±0.17b 2.70±0.11b     1.85±0.07b3.82±0.13a1.85±0.07a1.06±0.04a         0.79±0.04a 1..97±0.07b 1.25±0.05a      0.72±0.04a         Zebu  (263) 
        
Gonoub W Aolib 
- -                    - 4.78±0.32 a      2.37±0.18a 1.40±0.13a         0.97±0.09a 2.40±0.17a1.47±0.12a     0.93±0.08a        Cross   (115)      
- -                    - 5.18±0.24a 2.54±0.14a1.61±0.10a         0.93±0.07a 2.63±0.13a1.40±0.09a     1.22±0.08a         Zebu     (115) 
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            Table (12) Correlation analysis between parasitic tick species with biochemical parameters in Red Sea State during 2007 
H. anatolicum Mean 
total  
H. impeltatum H. dromedarii Biochemical  
total female male total female Male     total female Male Parameters 
              
0.558 ns 0.297 ns   0.590 ns    0.042 ns 0.080 ns 0.117 ns       0.077 ns    -0.000 ns 
 
0.023 ns       0.037 ns       Total protein 
-0.252 ns 0.099 ns     -0.459 ns     0.038ns 0.091 ns      0.062 ns       0.082 ns      -0.020 ns       0.180 ns       -0.165 ns        Albumin 
-0.486 ns -0.390 ns   -0.407 ns   0.127 ns 0.156 ns      0.081 ns       0.161 ns      0.075 ns       -0.025 ns      0.123 ns        Urea 
0.579 ns 0.180 ns      0.718 ns    0.045 ns 0.0395 ns    -0.009 ns       0.065 ns      0.043 ns      0.020 ns       0.075 ns       Bilirubin 
                              ns = not significant.         
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                         Table (13) Correlation analysis between parasitic tick species on cattle in Port Sudan with climatic factors during 2007 
Climatic factors H. dromedarii               
Male            female      total 
H. impeltatum 
Male                female       total   
Total 
ticks 
Maximum temperature -0.23*** 
 
-0.31*** -0.33*** -0.27*** 
 
-0.20*** -0.29*** -0.37*** 
Minimum temperature -0.31***       -0.39***       -0.43***       -0.32***       -0.23***       -0.34***       -0.46*** 
Relative humidity 0.17***       0.23***       0.25***        0.22***        0.16***       0.24***       0.29*** 
 
Rain 
 
-0.20***       
 
-0.27***       
 
-0.29***       
 
-0.24***       
 
-0.22***       
 
-0.28***       
 
-0.34*** 
                                        *** P  ≤ 0.001.        
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mean numbers of tick and total protein, albumin, urea and bilirubin (Table, 
12). There was a negative highly significant correlation with monthly 
maximum and minimum ambient temperatures and rainfall and a positive 
highly significant correlation with relative humidity (Table 13). 
 
3.4.3 Gonoub W Aolib  
 The highest mean tick load was in March (7.44±0.57), while the 
lowest (3.42±0.29) was in September (Table 8). There was a high 
significant difference (P ≤ 0.01) between tick abundance in January and 
March and the other months. There was also a significant difference (P ≤ 
0.05) between mean ticks in November with the rest of the year. There was 
a non significant difference (P > 0.05) between the abundance in May, July 
and November. There was a significant difference (P ≤ 0.05) between tick 
loads of cattle older than ages 4 years old which carried the highest 
(7.37±0.38) tick load whereas calves younger than 2 years carried the 
lowest (3.43±0.21) (Table 9). There was a non-significant difference (P > 
0.05) between the mean numbers of tick and host sex (Table 10) and breed 
(Table 11). There were no significant difference (P > 0.05) between tick 
infestation and albumin but there was a significant difference with bilirubin 
(P ≤ 0.05) and a highly significant difference with total protein (P ≤ 0.01) 
and urea (P ≤ 0.001) (Table 12).  
 
3.5. Biochemical analysis of plasma of cattle infested with ticks 
3.5.1. Total protein 
There were a non-significant (r = 0.042, P > 0.05) relationships 
between total protein values and tick infestation in Port Sudan, (r = -0.135, 
P > 0.05) in Toker and (r = 0.424, P < 0.01) in Gonoub W Aolib (Table 
14). The total protein reached the peak (0.680) in May while the tick load 
was relatively high (4.15±0.20) (Table 15). On the other hand, total protein 
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reached the lowest value (0.011) in January when tick infestation was high 
(6.52±0.30).  
 
3.5.2. Albumin values 
There was a non-significant relationship (r = 0.038, P>0.05) between 
albumin values of cattle and tick infestation in Port Sudan, (r = -0.21, P > 
0.05) and (r = 0.176, P > 0.05) in Gonoub W Aolib (Table 14). The 
albumin reached the peak (0.377) in  September while the tick load was 
relatively low (3.94±0.18) (Table 15). On the other hand, it reached the 
lowest (0.109) in March when tick infestation was high (6.49±0.32).  
         
3.5.3. Blood urea 
There was a negative non-significant relationship (r= -0.127, P> 
0.05) between blood urea values of cattle and tick infestation in Port Sudan, 
(r = --0.201, P > 0.05) and (r = 0.514, P < 0.001) in Gonoub W Aolib 
(Table 14). The blood urea reached the peak (0.351) in July while the tick 
load was very low (3.13±0.17) (Table 15). On the other hand, blood urea 
reached the lowest (0.010) in September when tick infestation was also low 
(3.94±0.18).   
 
3.5.4 Bilirubin concentration 
There was a non-significant relationship (r = 0.045, P > 0.05) 
between bilirubin concentration values of cattle and tick infestation in Port 
Sudan, (r = 0.007, P > 0.05) and (r = 0.328, P < 0.05) in Gonoub W Aolib 
(Table 14). The bilirubin concentration reached the peak (0.402) in May 
while the tick load was relatively low (4.15±0.20) (Table 15). On the other 
hand, bilirubin concentration reached the lowest values (0.022) in 
September when tick infestation was also low.  
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               Table (14) Correlation analysis between parasitic tick species with biochemical parameter in localities of  
                              Red Sea State during 2007 
 
H. anatolicum  H. impeltatum H. dromedarii Locality 
Total female Male Mean 
total  
Total female Male Total female Male Parameters 
          Port Sudan 
 - - - 0.042 ns 0.080 ns 0.1302 ns      0.007 ns     -0.000ns 
 
-0.019 ns     0.017 ns        Total protein 
 - - - 0.038ns 0.091ns       0.03829        0.0132ns      -0.020ns       0.26983       0.048ns       Albumin 
 - - 0.127ns 0.156ns      0.091 ns       0.121 ns       0.075ns       0.123ns      -0.011 ns     Urea 
 - - - 0.045ns 0.0395ns      0.027 ns       -0.078 ns       0.043ns      -0.119 ns     -0.158 ns     Bilirubin 
          Toker 
0.173 ns 0.045 ns    0.258 ns     -0.135ns -0.096ns -0.236ns 0.037ns -0.115ns -0.177ns -0.034ns Total protein 
-0.048 ns -0.066 ns   -0.021 ns    -0.210ns 0.077ns       0.015ns      0.079ns       -0.35396 *     -0.024*      -0.386*       Albumin 
0.041 ns 0.038 ns    0.036 ns    -0.201ns -0.081ns      -0.298*        0.093ns        -0.219*       -0.332ns      -0.067ns      Urea 
0.151ns 
 
0.051 ns    0.213  ns    0.007ns        -0.135ns      -0.184ns       -0.040ns       0.113ns        -0.143ns      0.205ns       Bilirubin 
          Gonoub W 
Aolib 
 - - - 0.424** 0.3704**     0.1981ns 0.35412* 0.413 **       0.457* 
 
0.195ns  Total protein 
 - - 0.176ns 0.26732ns    0.16032 ns     0.2417ns      0.048ns        0.2477ns      -0.121ns      Albumin 
 - - - 0.514*** 0.441 **      0.419*        0.276ns        0.509***       0.051ns       0.623 ***    Urea 
 - - - 0.328* 0.251ns       0.290ns        0.290ns       0.357*        0.370*       0.187ns        Bilirubin 
                           * P ≤ 0.05.          ** P ≤ 0.01.         *** P ≤ 0.001.     ns = not significant.        - = not found  
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      Table (15) Correlation analysis between seasonal tick infestation of cattle with biochemical parameters in Red Sea State during 2007. 
    H.       anatolicum    H. impeltatum    H. dromedarii  
total female Male  Mean total Total Female Male total female Male  
   January  (8)        January  (18) 
0.558 ns 0.297  ns   0.590 ns        Total protein -0.011 ns 0.084 ns      0.113 ns      0.028  ns     -0.085 ns      -0.094 ns       -0.051ns              Total protein 
-0.252 ns 0.099 ns     -0.459 
ns     
     Albumin 0.171 ns 0.311  ns     0.287  ns    0.222 ns      0.033  ns      0.032 ns      0.023 ns             Albumin 
-0.486 ns -0.390   ns   -0.407 
ns   
     Urea 0.045 ns 0.156  ns     0.055 ns       0.189 ns      -0.050 ns       -0.051 ns       -0.033 ns             Urea 
0.579 ns 0.180 ns      0.718 ns        Bilirubin -0.551 ns -0.596 ns     -0.491 ns       -0.473 ns     -0.436 ns      -0.303  ns      -0.401 ns            Bilirubin 
   March  (8)        March  (18) 
-0.007 ns    0.038 ns    -0.058 
ns 
     Total protein 0.088 ns 0.134 ns       -0.046  ns     0.223 ns      0.005 ns       0.088 ns       -0.066 ns           Total protein 
-0.435 ns    -0.342 ns      -0.489 
ns      
     Albumin -0.109 ns 0.191 ns      0.154  ns     0.159 ns       -0.378 ns      -0.067 ns       -0.431 ns           Albumin 
-0.479  ns   -0.374 ns    -0.541 
ns     
     Urea -0.382 ns -0.319 ns      -0.129  ns      -0.357 ns      -0.298  ns     -0.362 ns       -0.083 ns           Urea 
0.071 ns     0.048 ns     0.088 ns          Bilirubin 0.191 ns 0.035 ns      -0.131  ns      0.145 ns      0.278  ns      0.129 ns       0.251 ns             Bilirubin 
   May  (6)       May  (15) 
0.449 ns     -0.690 ns    0.636 ns         Total protein 0.680*** 0.383 ns       -0.182**        0.552 ns      0.694 ***      0.563 ns        0.552 **            Total protein 
-0.464 ns    -0.593  ns   -0.141 
ns     
      Albumin 0.330*        -0.001 ns      0.236 ns       -0.143 ns      0.470 ns       0.547 *       0.182  ns           Albumin 
0.214 ns     -0.391 ns     0.328  ns        Urea 0.232 ns 0.168 ns       0.480 ns       -0.498 ns      0.209 ns       0.019 ns       0.342 ns            Urea 
0.477 ns     -0.247 ns     0.484 ns          Bilirubin 0.402 ns 0.481 ns       -0.196 ns       0.635 *      0.232  ns      0.098  ns      0.289  ns           Bilirubin 
             * P ≤ 0.05.          ** P ≤ 0.01.         *** P ≤ 0.001.     ns =not significant.  
              Figures in parentheses = number of animals used.  
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Table (15) (Cont.) Correlation analysis between parasitic tick species with biochemical parameters in Red Sea State during 2007. 
H. anatolicum   H. impeltatum    H. dromedarii  
total female Male  Mean total total female Male total female Male Total 
   July   (6)        July   (16) 
0.599 ns    0.452 ns     0.579 ns         Total protein 0.367 ns 0.333 ns 0.328 ns 0.188 ns 0.332 ns 0.214 ns 0.318 ns       Total protein 
0.155  ns   -0.254 ns    0.413 ns           Albumin 0.145 ns -0.014  ns    0.071 ns       -0.087 ns     0.273 ns       0.452  ns     0.000 ns            Albumin 
0.474 ns    0.087 ns   0.649 ns           Urea -0.351 ns -0.396 ns     -0.257  ns     -0.346 ns    -0.244  ns    -0.114 ns     -0.274 ns           Urea 
0.242  ns   0.418 ns    0.068 ns           Bilirubin 0.176 ns 0.280 ns      0.174 ns      0.251 ns      0.043 ns       -0.109 ns      0.172 ns            Bilirubin 
   September  (5)        September  (18) 
-0.411 ns    -0.512  ns  -0.313 ns        Total protein -0.167 ns 0.213 ns -0.223 ns 0.345 ns -0.291 ns -0.060 ns -0.254 ns       Total protein 
-0.151 ns    0.194 ns    -0.357 ns         Albumin -0.377 ns -0.368 ns    -0.453 ns      -0.044  ns    -0.285 ns     0.004 ns     -0.281 ns           Albumin 
-0.586 ns  -0.669 ns    -0.485 ns         Urea -0.010 ns 0.219 ns     0.147 ns       -0.441  ns    -0.155 ns      -0.407 ns      0.060 ns            Urea 
-0.313  ns   -0.574  ns   -0.122 ns           Bilirubin 0.022 ns 0.244 ns      0.452 ns ns    -0.123 ns     -0.126 ns      -0.086  ns     -0.079  ns          Bilirubin 
   November    (7) 
 
       November    (15) 
 
0.435 ns    0.000 ns   0.674 ns         Total protein 0.292 ns 0.213 ns      0.116 ns       0.184 ns      0.362 ns       0.438 ns      0.174 ns            Total protein 
0.489 ns    0.277 ns    0.476 ns        Albumin0.164 ns 0.226 ns      0.067 ns     0.238 ns      0.068 ns      0.433 ns      -0.182 ns           Albumin 
-0.391 ns    -0.308 ns     -0.292 ns           Urea 0.040 ns 0.026 ns      -0.197 ns      0.186 ns      0.053 ns       -0.072 ns      0.110 ns            Urea 
-0.108 ns    -0.160 ns    -0.004 ns          Bilirubin 0.097 ns -0.006 ns     -0.052 ns      0.032 ns      0.218 ns      0.023  ns     0.253 ns            Bilirubin 
* P ≤ 0.05.          ** P ≤ 0.01.         *** P ≤ 0.001.     ns =not significant. 
Figures in parentheses = number of animals us  
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3.6. Tick-borne diseases  
3.6.1. Theileriosis   
The prevalence rate of Theileria spp. piroplasms was 34 (4.20%) out 
of 810 blood smears (BS) from cattle (Plate 1). The highest prevalence rate 
16/270 (5.92%) was in Toker followed by Gonoub W Aolib 12/270 
(4.44%) and the lowest was in Port Sudan 6/270 6 (2.2%) (Table16). The 
highest prevalence rate was in January 7/67 (10.44%) followed by 
September 6/67 (8.95%). The lowest prevalence rate was in November 
2/67 (2.98%) followed by June 3/68 (4.41%) and March 3/67 (4.47%). No 
Theileria spp. piroplasms were detected in April, May, July and August 
(Table 17). 
Since it was not possible to identify Theileria spp. using piroplasm 
forms, (FAO, 1983) it was not established whether these piroplasm forms 
were of T. annulata, T. mutans or T. velifera. 
Indirect fluorescent antibody (IFA) test was performed using T. 
annulata schizont antigens for detection of antibodies against T. annulata. 
Out of 100 serum samples tested, 32 (32%) were found positive for T. 
annulata antibodies (Plate 2).  Prevalence of T. annulata antibodies was 16 
(40%) in Toker, 11 (36.7%) in Port Sudan and 5 (16.7%) in Gonoub W 
Aolib (Table 16). The highest prevalence rate of antibodies was in 
September 12/16 (75%) and the lowest was in July 2/18 (11.11%), while no 
antibodies were detected in May (Table 17). 
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.6.1. 1.Prevalence of Theileria spp. among breeds of cattle 
Theileria spp. piroplasms were prevalent among different breeds of 
cattle (Table 18). Using BS, the prevalence rate in cross bred was higher 
12/160 (7.5%) than in local 22/650 (3.38%). However, using IFA the 
highest the prevalence of T. annulata antibodies was higher in local breeds 
25/68 (38.24%) compared with the cross bred 7/32 (21.88).    
 
3.6.1.2. Prevalence of Theileria spp. among age groups of cattle 
Using BS, the highest prevalence rate of Theileria spp. piroplasms 
22/270 (8.14%) was among cattle more than four years old, followed by 
10/270 (3.70%) among cattle two to four years old, and the lowest 2/270 
(0.75%) was among calves less than two years old (Table 19). Using IFA 
test the highest prevalence rate of T. annulata antibodies 23/40 (57.5%) 
was among cattle more than four years old followed by 7/30 (23.3%) 
among cattle two to four years old, and the lowest prevalence rate was 2/30 
(6.67%) among calves less than two years old (Table 19). 
 
3.6.1.3. Prevalence of Theileria spp. among sex of cattle 
Within the herds, out of 269 bulls and 541 cows examined for 
Theileria spp. using BS, the prevalence rates were 8/269 (2.97%) and 
26/541 (4.8%), respectively and 5/20 (25%) and 27/80 (33.75%) for bulls 
and cows, respectively for T. annulata antibodies using IFA test (Table 20).  
 
3.6.1.4. Prevalence of Theileria spp. among cattle in different systems 
of management 
Prevalence of Theileria spp. piroplasms and T. annulata antibodies 
among different management systems was that semi-nomadic system had 
the higher prevalence rate 16/270 (5.92%)  
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Table (16) Prevalence rate of Theileria spp. piroplasms detected by blood 
smears (BS) and T. annulata antibodies by indirect fluorescent 
antibody (IFA) test among cattle in different localities in Red Sea 
State during 2007. 
                                     BS                                              IFA 
Locality            Animals           positive           Animals             positive 
                         Examined    Theileria spp.      examined      T. annulata 
                                            Piroplasms (%)                          Antibodies (%)       
 
Toker               270            16 (5.92)                  40                  16 (40) 
 
Port Sudan       270            6 (2.2)                     30                 11 (36.7)   
 
Algounb           270            12 (4.44)                  30                  5 (16.7) 
W Aoleeb    
 
Total               810             34 (4.20)                 100                32(32) 
 
 
 
 
. 
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Table (17) Monthly prevalence of Theileria spp. piroplasms determined by 
blood smears (BS) and T. annulata antibodies using indirect 
fluorescent antibody (IFA) test among cattle in different localities in 
Red Sea State during 2007. 
                                    BS                                            IFA 
  Month           Animals            positive                  Animals          Positive 
                       Examined       Theileria spp.          examined     T. annulata 
                                             Piroplasms (%)                           Antibodies (%)      
January                 135                 12 (8.89)                   16            6 (37.5) 
March                   135                  3 (2.22)                     17            5 (29.41) 
May                       135                 3 (2.22)                      16            0 (0) 
July                       135                 0 (0)                           18             2 (11.11) 
September            135                10 (7.41)                     16            12 (75.0) 
November            135                  6 (4.44)                      17            7 (41.18) 
 
Total                    810                 34 (4.20)                     100           32 (32) 
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Table (18) Prevalence of Theileria spp. piroplasms determined by 
blood smears (BS) and T. annulata antibodies using indirect 
fluorescent antibody (IFA) test among local and cross breed 
cattle in different localities in Red Sea State during 2007. 
                                      BS                                                 IFA 
  Breed               Animals     positive             Animals                  positive 
  of cattle          examined  Theileria spp      examined           T. annulata 
                                           Piroplasms (%)                              antibodies (%)                     
 
Zebu                      650        22 (3.38)             68                    26 (38.24) 
Zebu x Friesian    160        12 (7.50)             32                     7 (21.88) 
Total                       810       34 (4.20)            100                  32 (32) 
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Table (19)   Incidence of Theileria spp. piroplasms and T. annulata 
antibodies using blood smears (BS) and indirect fluorescent 
antibody (IFA) test among different age groups of cattle in Red 
Sea State during 2007. 
                                      BS                                                 IFA 
  Age             Animals             positive                  Animals           positive 
  groups       examined       Theileria spp            examined         T. annulata 
(years old)                          Piroplasms (%)                              antibodies (%)                     
  < 2           270                         2 (0.74)                   30                 2 (6.67) 
 2-4            270                       10 (3.70)                   30                 7 (23.30) 
 > 4           270                        22 (8.15)                  40                 23 (57.50) 
Total        810                        34 (4.20)                  100               32 (32) 
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Table (20)   Incidence of Theileria spp. piroplasms and T. annulata 
antibodies using blood smears (BS) and indirect fluorescent 
antibody (IFA) test among bulls and cows in Red Sea State 
during 2007. 
                                             BS                                                 IFA                    
  Cattle sex     Animals          positive                    Animals                positive 
                      examined        Theileria spp         examined           T. annulata 
                                            Piroplasms (%)                             antibodies (%)                     
    
Bulls             269                    8 (2.97)                            20              5 (25) 
 
Cow             541                    26 (4.80)                            80         27 (33.75) 
 
Total           810                     34 (4.20)                          100            32 (32)     
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Table (21) Prevalence of Theileria spp. piroplasms and T. annulata 
antibodies using blood smears (BS) and indirect fluorescent 
antibody (IFA) test in different husbandry systems of cattle in 
Red Sea State during 2007. 
                                      BS                                                 IFA 
  Type of               Animals          positive             Animals            positive 
   system            examined        Theileria sp      examined           T. annulata 
                                              Piroplasms (%)                           antibodies (%)                     
 Semi-nomadic    270               16 (5.93)                      40            16 (40) 
Semi-intensive     540               18 (3.33)                     60            16 (26.67) 
Total                     810               34 (4.20)                    100            32 (32) 
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and 16/40 (40%) respectively than semi-intensive systems that had  18/450 
(3.33%) and 16/60 (26.7%) respectively (Table 21). 
 
3.6.2. Other tick-borne diseases 
Neither Babesia spp. nor Anaplasma spp. were detected during this 
study. 
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CHAPTER FOUR 
DISCUSSION 
 
Ticks and ticks-borne diseases (T and TBDs) are very important 
problem nowadays threatening livestock production in the Sudan. From 
knowledge on the distribution of tick vectors in a given locality, one can 
broadly predict the potential distribution of diseases they transmit (FAO, 
1983). Since the last century, several environmental changes have occurred 
due to desertification deforestation, and establishment of large mechanized 
schemes. These changes have affect the distribution of ticks and TBDs in 
many parts of the African continent. Few studies on ticks and TBDs have 
been conducted in Red Sea State. The present study provides data 
regarding prevalence and seasonality of the tick species as well as 
incidence of Theileria spp. piroplasms besides serological investigations on 
T. annulata.  The study revealed seven tick species infesting cattle in 
Toker, Port Sudan and Gonoub W Aolib. Hyalomma spp were the most 
common tick species infesting cattle. Tick species identified in this survey 
were generally compared to those reported by Karrar et al. (1963) and Salih 
(2003). The population density was variable within the three localities. The 
highest tick count per animal was in Toker and the lowest tick count was in 
Gonoub W Aolib. These differences may be attributed to the management 
systems, host density, vegetation cover and other ecological factors. The 
higher number of ticks in Toker was probably due to the dense livestock 
population in the area and hence high pick-up rate of ticks. In addition, 
shrubs and bushes and other similar vegetation along the banks of Baraka 
stream provide suitable shelter to host seeking ticks. However, the 
population density of certain species was relatively highe in a particular 
locality and low in other locality. For instance, H. anatolicum was the most 
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abundant with a marked seasonal change in Toker while it was very rare in 
Port Sudan and absent in Gonoub W Aolib. This finding may be due to the 
semi nomadic system of grazing in Toker. This tick species has the ability 
to establish itself in animal housing to complete its life cycle (FAO, 1984). 
All cattle in Toker kept in local material enclosures as sheds, hence, muddy 
walls with cracks and water and food containers are used by the tick 
species as shelters, which allow them to survive the adverse environmental 
conditions. Cattle for the search of water and pasture move to the Gash 
Delta were shrubs, bushes and other similar vegetation cover are more 
common, and these assist in survival of this tick. To make the situation 
even worse, Eritrean cattle (Karror) which are infested with H. anatolicum 
(Hoogstraal, 1956), cross the international borders of the Sudan, for search 
of water and pasture they contact with Toker cattle. In Port Sudan, similar 
to the findings of Karrar et al. (1963) and Salih (2003) few H. anatolicum 
were found and these may have been introduced by cattle from Toker or 
possibly by trade animals from Central Sudan. The very few numbers of H. 
anatolicum (6 males and 2 females) are an indication that this tick species 
is unable to establish over the years. However, veterinary authorities are 
advised to monitor the situation. The presence of H. anatolicum in non 
endemic area is alarming. Strict control of movement of cattle should be 
adopted to avoid outbreaks of tropical theileriosis. On the other hand, 
disappearance of this tick species from Gonoub W Aolib may be due to the 
unfavorable conditions and no contact of cattle with those of Toker and 
trade animals from Central Sudan.  
 Hyalomma dromedarii was the dominant tick species in all localities 
followed by H. impeltatum.  H. dromedarii was found throughout the year 
in all localities. That could be due to the fact that cattle come in contact 
with camels, since H. dromedarii is well known as a camel tick 
(Hoogstraal, 1956, El Ghali, 2005). The large number of this tick in 
72 
 
Gonoub W Aolib may be due to its adaptability to dry climate of this area 
and presence of the large numbers of camels. El Ghali (2005) found that 
the main tick species infesting camels in Atbara was H. dromedarii (89%) 
followed by H. impeltatum and these tick species were collected throughout 
the year due to their adaptability to dry conditions. In the current study, H. 
impeltatum was identified in higher abundance in Port Sudan where sheep 
are kept in close proximity with cattle. This was also similar to the findings 
of Osman et al. (1982) who reported that H. impeltatum was the most 
common tick of sheep in arid area of Kordofan. This tick species is 
dominant in the drier central parts of the Sudan. Karrar et al. (1963) found 
in Kassala these two tick species in numerous numbers but Salih (2003) did 
not. This may be due to fact that that Salih (2003) made a cross-sectional 
survey but this current study was a whole year round sampling. Boophilus 
decoloratus was found only in Port Sudan locality in very few numbers in 
the cool season.  Osman et al. (1982) reported that this species was more 
active in cool relatively dry period. This result is similar to that of Karrar et 
al. (1963) who collected only a single female B. decoloratus in their year 
round collections. They found numerous H. excavatum which was not 
found in this current study. This may be attributed to the ecological 
changes that have occurred due to drought, animal movement, deforestation 
and desertification. The disappearance of any tick species in any given 
period doesn’t mean its absence from the area, as it can appear when the 
optimum climatic condition prevail (Osman et al., 1982). Rhipicephalus 
species were found in low numbers during this survey in Port Sudan and 
only during the rainy season. This may be due to the unfavourable climatic 
conditions as this tick species is usually regulated or governed by the 
humidity, vegetation types and the length of the rainy season (Hoogstraal, 
1956). On the other hand, some Rhipicephalus species do not prefer cattle 
for feeding. R. e. evertsi, for instance, prefers sheep for feeding (Taha, 
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2000). A few numbers of R. sanguineus group (R. guilhoni and R. 
camicasi) and only two males of R. e. evertsi were collected during this 
survey. This may be due to the fact that dogs, which R. sanguineus group 
prefers to feed on, are kept in close proximally with cattle. This may also 
be due to the fact that these species are commonly present in habitats 
receiving between 1200 mm to 2600 mm of annual rainfall (Walker et al., 
2000). Collection of these ticks during the cool season is agreement with 
FAO (1983) and Tatchell and Easton (1986). The latter concluded that tick 
distribution is regulated by the prevailing microclimatic factors that are 
represented by the high annual rainfall, variation of the temperature and 
relative humidity according to the season, with abundance of the grass 
cover that was influenced by the heavy rainfall. Neither A. lepidum nor A. 
variegatum were found to infest cattle in the area. However Karrar et al. 
(1963) in Kassala and Salih (2003) in Port Sudan found A. lepidum during 
their survey but this may be due to accidental introduction from Halfa El 
Gadida where A. lepidum was abundant. In the past decades, distribution of 
A. lepidum had moved to the south direction from where it used to be 
abundant in eastern Sudan (Osman and Hassan, 2003). Furthermore, the 
distribution limits of ticks is not always fixed and constant and they are 
determined by a complicated interplay of factors such as climate, 
vegetation cover, host density,  host susceptibility, grazing habits and types 
of animal husbandry (Tatchell and Easton, 1986 and Punyua et al., 1991). 
The area of Red Sea State is too dry for establishment of A. variegatum 
(Hoogstraal, 1956). The area is also not suitable for B. decoloratus that 
may have been introduced through animals arriving Toker from Kassala 
where this species is reported (Karrar et al., 1963). It may also have been 
introduced into Port Sudan by export animals arriving from Central and 
Western Sudan. If this tick species has established in the study area, cases 
of babesiosis are expected and veterinary authorities must monitor the 
74 
 
situation. With the exception of B. decoloratus, males outnumbered 
females, because males normally remain in the host longer than females. 
Boophilus spp. males are very small in size compared with females. Thus, 
males are always missed in tick collection process. B. annulatus which is 
prevalent in southern parts of Central Sudan has not been found in this 
study. 
The effect of climatic factors on tick burden showed that ticks varies 
in number with mean maximum and minimum ambient temperature. 
Branagan (1973) pointed out that development of ticks become negligible 
below 15°C and ceases at 9°C. The decrease in number of ticks during the 
rainy seasons could be due to the water flushing of different tick stages 
from their microhabitats. Tatchell and Easton (1986) found that heavy rains 
usually wash larvae from their questing positions at the tip of grass and 
thus hindering host finding. Increase in tick number during humid seasons 
is similar to finding of Hassan (1997) who concluded that humidity was 
crucial for tick survival. The lower tick abundance in the Red Sea State 
may be due to unfavourable conditions with high ambient temperature and 
high level of humidity. Salih (2003) argued that the lower tick counts in 
Port Sudan may be attributed to the management systems, host density, 
vegetation cover and other ecological factors. A clear effect of host’s age 
on the number of ticks' load was observed in the present study. Young 
animals grazing with the herd carried significantly fewer ticks than older 
age groups and cows carried more ticks than bulls.  
To date, few studies (Mohammed and Salih, 2003; Salih, 2003) have 
been carried out on tick-borne diseases in Red Sea State. In the current 
study, Theileria spp. were detected in blood smears. Out of 810 cattle 34 
(4.2%) were found positive for Theileria spp. piroplasms while 32 (32%) 
out of 100 serum samples were positive for T. annulata antibodies.  This is 
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more or less similar to the previous study carried out by Salih (2003) who 
reported 17 (10%) Theileria spp. piroplasms and 38 (22.4%) T. annulata 
antibodies.  The difference may be attributed to either sample size or the 
fact that Salih (2003) made a cross-sectional survey while this study was a 
whole year round sampling. 
In the current study, using BS the highest prevalence of 5.92% was 
in Toker, followed by 4.4% in Gonoub W Aolib and 2.2% in Port Sudan 
locality. Serologically, the highest level of 40% of antibodies a gainst T. 
annulata was detected in Toker followed by 36.7% in Port Sudan and 
16.7% in Gonoub W Aolib. The low percentage of T. annulata antibodies 
in Gonoub W Aolib could be due to the large number of the susceptible 
cross breed of cattle in this locality and the types of management systems. 
Salih et al. (2007) reported that the agreement between BS, a surface 
protein-detection TaSP ELISA and IFA for detection of T. annulata 
revealed that BS test was inferior to the serological tests.  The high 
incidence of Theileria spp. piroplasms and T. annulata antibodies in Toker 
using BS and IFA test was not surprising because it is well correlated with 
the distribution of the vector H. anatolicum. The presence of the disease in 
Port Sudan and Gonoub W Aolib was difficult to explain, in the low 
number of H. anatolicum and its absence in the Gonoub W Aolib. Probably 
other vectors such as H. impeltatum and H dromedarii are playing the role 
in the transmission. Mazium (1969) found that adults of H. dromedarii 
were efficient vectors of T. annulata. Walker et al. (2003) reported that in 
Mauritania T. annulata infection of cattle is widespread because of feeding 
of nymphs and adults of H. dromedarii on cattle where they mix with 
camels. In the current study, H. impeltatum was found feeding on 
theileriosis infected cattle. FAO (1983) found that larvae of H. impeltatum 
fed on infected calf and the subsequent nymphs transmitted fatal 
theileriosis. Um el Hassan et al., (1983) reported that H. impeltatum 
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nymphs were able to transmit T. annulata. The fact that cows showed 
higher prevalence of T. annulata antibodies than bulls is also interesting. 
Cows may be less immune to theileriosis due to stress of pregnancy and 
lactation. The difference may also be due to the size of samples, but this 
was not constant in all age groups and localities. Therefore, there is no 
strong evidence that sex plays a role in epidemiology of theileriosis. 
 With regard to animal age groups the study revealed that cattle of 
four years and more had higher prevalence of Theileria spp. piroplasms and 
T. annulata antibodies. Since older carried more ticks than young, it is 
possible chances of infected ticks with Theileria spp. are more than when 
they are infested with less ticks. Severity of theileriosis is also sporozoite 
dose dependent (Salih, 2003).  It is also possible that more infected ticks 
feeding on cows let them vulnerable to repeated infection and hence 
continuous presence of antibodies. This finding agrees with Darghouth et 
al., (1996b) who concluded that older cattle in Tunisia had sero-positivity 
more than younger ones. He commented that calves are less heavily 
infested because of lower attachment rate or high detachment by grooming 
and adults become more tolerant as a result of repeated infestation. In 
addition, Salih et al., (2007) found that the antibody profile increased 
significantly with the advance in age, as the animal live longer, more 
antibodies could be serologically detected. In the current study, the effect 
of seasons on prevalence of Theileria spp. piroplasms showed high level in 
January followed by September. This coincided with abundance of the 
vector in the cool rainy season. On the other hand, no piroplasms were 
detected. The high level of Theileria spp piroplasms during June in Gonoub 
W Aolib is a breaking of enzootic stable situation which may be due to 
stress of high ambient temperature and lack of adequate food supply during 
hot humid months. T. annulata antibodies showed high level in September 
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and November. This may be due to the high abundance of the vector H. 
anatolicum after the rainy season in Toker. 
Bakheit and Latif (2002) demonstrated significant differences in 
disease resistance of the indigenous breed, Kenana compared to Friesian 
cattle. Zebu cattle had lower prevalence of Theileria spp. piroplasms in 
their blood but high antibodies against T. annulata. There was an increased 
level of T. annulata antibodies in the local breed in comparison with cross 
breed despite the fact that exotic cattle (Bos taurus) are more susceptible to 
Theileria spp. infection than zebu cattle (Osman, 1976). This is probably 
due to the application of acaricides to control ticks on exotic breeds, beside 
the fact that exotic breeds are reared under good management systems. In 
this study although 38.24% of zebu cattle had antibodies against T. 
annulata but they showed no signs of the disease. These carrier animals 
could be means of spread of the disease if control measures are not strictly 
imposed. This situation of endemic stability can be greatly interrupted by 
stress and introduction of high susceptible animals. Gamal and El Hussein 
(2003) reported that prevalence of high ambient temperature in the 
summer, stress of pregnancy and reduced appetite in post-calving stage 
lead to breakdown of carrier animal immunity. The occurrence of 
theileriosis among cattle was greatly influenced by the husbandry system. 
The highest prevalence of the disease was observed in semi-nomadic 
system which is probably due to poor management in the traditional farms 
where cattle are mainly of local type (Butana, Halfa and Gash). This 
situation of poor management and hygiene provides favourable conditions 
for survival of ticks throughout the year. On the other hand, low incidence 
of theileriosis among cattle reared under semi-intensive system may be 
related to good management with application of acaricides, high level of 
nutrition, maintenance of good hygienic conditions and appropriate 
veterinary services. This observation coincided with Mohammed (1997) 
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who reported that bad hygiene and poor management are important 
predisposing factors for theileriosis. 
 No Babesia spp. nor Anaplasma spp. were detected in the current 
study.  To reveal these parasites advanced techniques other than blood 
smears are required.  Since Boophilus decoloratus which is incriminated in 
transmission of these parasites was recorded in this study, babesiosis and 
anaplasmosis are expected in the region.         
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CONCLUSION AND RECOMMENDATIONS 
 
The objectives of this study were to show distribution and population 
dynamics of ixodid ticks on cattle and some tick-borne diseases in the Red 
Sea State. The study showed that ticks are prevalent throughout the year 
indicating that they become a source of a continuous animal infestation and 
incriminated in transmission of disease to animals. However, detection of 
T. annulata antibodies in farms where H. anatolicum was not found 
indicated that there is a possibility of H. dromedarii and H. impeltatum are 
playing a role in transmission of the disease. Further planned studies are 
required to elucidate the role of these tick species in transmission of T. 
annulata under field condition. Restriction of Eritrean cattle (Karror) from 
crossing the international boarders of the country needs to be enforced. 
Control of ticks on trade animals arriving from central Sudan is particularly 
recommended. It is recommended that veterinary authorities should 
monitor establishment of Hyalomma anatilicum in the study area and hence 
emergence of tropical theileriosis. Although babesiosis and anaplasmosis 
were not detected in this study but monitoring of these diseases is 
recommended. Techniques other than blood smears such detection of 
antibodies using ELISA or using polymerase chain reaction and other 
molecular biological techniques are needed to reveal tick-borne parasites 
other than Theileria spp.  It is recommended to study tick distribution and 
population dynamics in other parts of the state. Lastly in order to 
remapping tick prevalence and distribution reported by Hoogstraal (1956), 
large scale and systemic survey must be conducted including collection 
from all livestock and wildlife animals in the Sudan.                     
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Appendix 1.  ANOVA, R-square (R), coefficient variance (CV), mean 
squares (MS) and F values of ticks from cattle in localities 
of Red Sea during 2007.  
 
F values 
 
MS 
 
CV 
 
R square 
 
Ticks species 
    Port Sudan 
          H. dromedarii 
6.79***     10.38        69.52       0.19                            Male 
12.24***     9.63       69.82       0.29                             Female 
16.50***     39.27      50.61      0.36                            Total 
     
            H. impeltatum 
16.50***     27.48     69.00      0.36                         Male 
10.49***     9.51       82.41       0.26                           Female 
23.71***     67.85       55.90       0.45                           Total   
35.47***     197.45       38.84       0.55               Total ticks
     
    Toker 
           H. dromedarii 
12.67***     8.88       66.31       0.30                       Male 
3.51***     1.73        95.46       0.10                       Female 
12.64 ***    14.80       54.12       0.30                       Total 
          H. impeltatum 
11.27***     5.39       65.32      0.28                      Male 
5.05***    2.57        89.68       0.14                      Female 
13.43***     14.29       55.59       0.31                     Total   
18.10***     55.36      45.35      0.38             Total ticks 
     
         H. anatolicum   
50.22***     68.79      42.64      0.63                   Male 
30.57***     26.54       49.33       0.51                    Female 
66.49***     178.51       35.36       0.69                   Total 
  
    Gonoub W Aolib 
            H. dromedarii 
20.00***     18.11      66.21      0.40                   Male 
6.01***     5.13        84.01       0.17                    Female 
18.16***     36.58       55.94       0.38                   Total 
       H. impeltatum 
25.92***     26.55       66.49       0.47                    Male 
5.63***     4.68        95.80       0.16                    Female 
29.05***     52.33      54.24      0.50                  Total 
34.75***     172.49       44.45       0.54             Total ticks 
                *** P ≤ 0.01.  
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                       Appendix 2.  Mean (±SE) numbers of ticks seasonally collected from cattle of different breeds in Red Sea State during 2007. 
H. anatolicum
Male          female          total   Month
Total 
ticks
H. impeltatum
Male         female         total         
H. dromedarii
Male        female      total
 
Month 
January   January 
8.00±1.00a 2.50±0.50a 5.50±1.50a 
    Cross (2) 
       
 
8.08±0.89a 3.68±0.48a 1.56±0.23a 2.12±0.32a 4.40±0.44a 
 
1.48±0.30a 
 
2.92±0.28a                 Cross (25) 
5.93±0.39a 2.32±0.15a 3.60±0.27b 
    Zebu (43)  
 
 
6.17±0.31b 
 
3.09±0.20b 1.13±0.08b 1.95±0.16a 3.08±0.16a 
 
1.20±0.09a 
 
 
1.87±0.11b                  Zebu (110) 
March
    
March 
    Cross (0)
       
 
6.56±0.78a 3.13±0.50a 1.17±0.30a 1.95±0.34a 3.43±0.42a 
 
1.52±0.19a 
 
 
1.91±0.32a                 Cross (25) 
5.84±0.48 2.35±0.21 3.48±0.32 
    Zebu (45)  
 
 
6.48±0.35a 3.08±0.20a 1.23±0.10a 1.84±0.14a 3.40±0.20a 
 
1.41±0.12a 
 
1.99±0.13a                  Zebu (110) 
May 
    
May 
3.50±1.50a 2.00±1.00a 1.50±0.50a 
   Cross (1)  
       
 
3.36±0.39a 
 
1.60±0.24a 0.76±0.16a 0.83±0.15a 1.76±0.26a 
 
0.83±0.13a 
 
0.93±0.17a 
 
       
            Cross (25) 
3.18±0.25a 
1.23±0.13a1.95±0.16a    Zebu (44)  
       
 
4.38±0.23b 2.27±0.15b 0.89±0.08a 1.38±0.09b 2.10±0.12a 
 
0.85±0.07a 
 
 
1.24±0.09a                     Zebu (110) 
July 
    
July 
   Cross (0)  
     
3.42±0.39a1.84±0.30a 0.89±0.20b0.94±0.19a1.57±0.26a0.68±0.18a
 
0.89±0.15a       Cross (25) 
2.60±0.22
 
1.06±0.111.53±0.16
 
    Zebu (45)  
     
3.08±0.19b1.37±0.11b 0.50±0.06b0.87±0.08a
 
1.70±0.11b
 
0.68±0.06a1.02±0.08a        Zebu (110) 
September 
    
September 
3.00±0 a           1.0±0a              2.0±0a                 Cross (2)  
     
3.91±0.37a
 
1.68±0.21a 
 
0.51±0.12a1.17±0.18a2.22±0.24a0.82±0.13a
 
1.40±0.18a       Cross (25) 
3.200±0.25a1.450±0.15a1.750±0.14a    Zebu (43)  
     
3.95±0.22a
 
1.94±0.14a 0.87±0.08a1.07±0.09b
 
2.01±0.12a0.84±0.07a
 
1.17±0.10a        Zebu (110) 
November 
    
November 
12.00±5.00a5.50±2.50a6.50±2.50a
 
   Cross (2)  
     
5.39±0.52a2.75±0.34a 
 
1.17±0.14a1.57±0.26a
 
2.64±0.26a
 
1.17±0.16a1.46±0.18a 
       Cross (25) 
6.69±0.43b2.74±0.19b
 
3.95±0.30b
 
    Zebu (43)  
     
5.69±0.27a
 
3.03±0.16a 1.16±0.09a1.86±0.12a2.65±0.13a1.14±0.07a1.50±0.10a        Zebu (110) 
   Means (±SE) followed by the same letter in each column for each locality are not significantly different at 50% level based on Rayan’s Q test    
(REGWQ).                    Figures in parentheses are number of animals 
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             Appendix 3.Mean (±SE) numbers of ticks seasonally collected from cattle of different age groups on Red Sea during 2007  
                   H. anatolicum                
male             female      Total           
 
Total  
H. impeltatum 
male         female           Total  
                 H. dromedarii  
male          female      Total   
Month 
Age (years) 
 
          January 
4.00±0.29c 1.86±0.19b 2.13±0.16c 4.44±0.37 2.26±0.30b 0.91±0.12b 1.35±0.27b 2.17±0.15c 0.73±0.09b 
 
1.44±0.13c 
 
<2  (45) 
5.33±0.42b 
 
2.00±0.25b 3.33±0.27b 5.48±0.26b 2.44±0.20b 0.86±0.12b 
 
1.57±0.13b 
 
3.04±0.21b 1.04±0.12b 2.00±0.16b 2 - 4 (45) 
8.73±0.49a 3.13±0.19a 5.60±0.41a 
 
9.64±0.55a 4.88±0.32a 1.86±0.14a 3.02±0.25a 4.75±0.31a 2.00±0.20a 2.75±0.22a >4 (45) 
          March 
3.13±0.40c 1.46±0.36c 
 
1.66±0.21c 
 
4.62±0.41b 1.95±0.23b 0.97±0.15b 0.97±0.12c 2.66±0.291c 1.28±0.16a 
 
1.37±0.19b <2 (45) 
4.73±0.33b 1.93±0.26b 
 
2.80±0.17b 5.77±0.39b 2.77±0.26b 
 
1.13±0.15ab 
 
1.64±0.17b 3.00±0.25b 1.26±0.16a 1.73±0.18b 
 
2 – 4 (45) 
9.66±0.52a 3.66±0.23a 6.00±0.41a 
 
9.08±0.59a 
 
4.53±0.35a 1.55±0.20a 
 
2.97±0.24a 4.55±0.35a 
 
1.73±0.20a 2.82±0.21a >4 (45) 
          May 
1.80±0.29c 
 
0.73±0.15b 1.06±0.18c 3.17±0.30b 
 
1.20±0.16c 0.46±0.08b 0.73±0.10c 
 
1.97±0.22a 0.88±0.11a 1.08±0.13b 
 
<2 (45) 
3.20±0.38b 1.26±0.22ab 
 
1.93±0.26b 3.86±0.31b 
 
2.06±0.19b 
 
0.93±0.11b 1.13±0.12b 
 
1.80±0.18a 0.82±0.10a 0.97±0.13b 2 - 4(45) 
4.60±0.28a 
 
1.80±0.24a 2.80±0.20a 5.42±0.36a 3.11±0.22a 1.20±0.16a 
 
1.91±0.16a 2.31±0.19a 0.84±0.11a 
 
1.46±0.15a >4 (45) 
Figures in parentheses are number of animals. Number of observation=15 for H. anatolicum. 
    Means (±SE) followed by the same letter in each column for each month are not significantly different at 5% level based on Rayan’s Q test (REGWQ) 
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             Appendix 3.(Cont.) Mean (±SE) numbers of ticks seasonally collected from cattle of different age groups on Red Sea during 2007  
H. anatolicum 
male           female                 total          
Total 
ticks 
  H. impeltatum 
male              female           total 
H. dromedarii 
Male              female         total 
Month 
          July 
1.40±0.30c 0.73±0.18c 0.66±0.18c 1.95±0.23c 
 
0.71±0.11c 0.28±0.08c 0.42±0.08d 1.24±0.15b 0.68±0.13a 0.55±0.09b        < 2 (45) 
2.46±0.23b 0.86±0.13b 1.60±0.21b 
 
3.00±0.27b 1.31±0.17b 0.46±0.08b 0.84±0.11b 1.68±0.16b 
 
0.62±0.10a 1.06±0.13a        2 - 4(45) 
3.93±0.30a 
 
1.60±0.21a 
 
2.33±0.25a 4.44±0.30a 
 
2.31±0.19a 0.91±0.11a 
 
1.40±0.16b 
 
2.13±0.18a 
 
0.73±0.10a 1.40±0.14a 
 
       >4 (45) 
          September 
1.80±0.31c 0.80±0.20b 1.00±0.16c 2.80±0.24b 1.26±0.18b 
 
0.64±0.12a 0.62±0.10b 
 
1.53±0.13b 0.73±0.09b 0.80±0.10b 
 
       < 2 (45) 
3.13±0.33b 1.40±0.27b 
 
1.73±0.20b 3.48±0.27b 1.68±0.19b 0.75±0.11a 
 
0.93±0.13b 1.80±0.16b 0.68±0.10b 
 
1.11±0.11b        2 - 4(45) 
4.66±0.31a 
 
2.13±0.21a 2.53±0.19a 5.53±0.31a 
 
 
2.66±0.19a 
 
0.93±0.11a 1.73±0.15a 2.86±0.22a 
 
1.08±0.13a 1.77±0.19        >4 (45) 
          November 
4.13±0.27c 
 
1.80±0.14b 2.33±0.28c 
 
3.84±0.25c 
 
1.84±0.14c 0.82±0.11b 1.02±0.11b 
 
2.00±0.16b 1.02±0.11b 0.97±0.11b        < 2 (45) 
6.46±0.46b 2.46±0.19b 
 
4.00±0.37b 5.04±0.28b 2.75±0.19b 
 
1.17±0.13ab 1.57±0.12b 2.28±0.15b 1.00±0.11b 1.28±0.12b 
 
       2 - 4(45) 
10.20±0.69a 4.33±0.39a 5.86±0.50a 8.00±0.43a 4.33±0.26a 1.51±0.15a 
 
2.27±0.16a 3.66±0.21a 1.44±0.12a 2.22±0.19a        >4 (45) 
Figures in parentheses are number of animals. Number of observation=15 for H. anatolicum. 
Means (±SE) followed by the same letter in each column for each month are not significantly different at 5% level based on Rayan’s Q test (REGWQ) 
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                 Appendix 4. Mean (±SE) numbers of ticks seasonally collected from cattle of different sex on Red Sea State during 2007. 
H. anatolicum  H. impeltatum H. dromedarii  
Male             female         total Total     
ticks 
Male         female          total Male         female          total Month 
          January 
4.23±0.33b 
 
1.64±0.17b 
 
2.58±0.24b 
 
5.30±0.37b 2.47±0.23b 
 
1.04±0.15a 1.42±0.14a 
 
2.83±0.25b 
 
0.92±0.11b 
 
1.90±0.20a       Bull (42) 
7.10±0.46a 2.75±0.17a 
 
4.35±0.36a 
 
7.07±0.40a 
 
3.52±0.25a 1.29±0.10a 2.23±0.19 3.54±0.20a 1.40±0.12a 2.13±0.13a 
 
      Cow (93) 
            March 
3.38±0.33b 
 
1.15±0.19b 
 
2.23±0.23b 
 
5.00±0.37b 2.47±0.27b 1.14±0.16b 1.33±0.15b 
 
2.52±0.22b 0.97±0.12a 
 
1.54±0.19b        Bull (42) 
6.84±0.58a 2.84±0.25 4.00±0.40a 
 
7.17±0.41a 3.36±0.24a 1.25±0.12a 2.10±0.16a 3.80±0.24a 
 
1.63±0.13a 
 
2.17±0.15a 
 
      Cow (93) 
          May 
2.57±0.38b 
 
0.92±0.19b 
 
1.64±0.26b 
 
3.97±0.33a 
 
2.00±0.21a 0.84±0.10a 
 
1.15±0.14a 1.97±0.18a 0.91±0.10a 1.06±0.12a 
 
       Bull (42) 
3.48±0.31a 1.41±0.17a 2.06±0.20a 4.24±0.25a 
 
2.18±0.16a 0.87±0.10a 1.31±0.10a 2.05±0.14a 
 
0.82±0.07a 
 
1.23±0.10a 
 
      Cow (93) 
          July 
2.06±0.28b 
 
0.80±0.10b 1.26±0.20b 2.28±0.23b 
 
0.90±0.13b 0.34±0.07b 0.56±0.09b 
 
1.38±0.14b 0.60±0.10a 
 
0.78±0.11b        Bull (42) 
2.86±0.29a 
 
1.20±0.16a 
 
1.66±0.21a 3.63±0.23a 1.76±0.14a 0.68±0.08a 1.08±0.11a 1.87±0.13a 0.72±0.08a 1.14±0.10a       Cow (93) 
          September 
2.25±0.39b 1.00±0.25b 1.25±0.19b 
 
2.97±0.24b 1.43±0.15b 
 
0.68±0.10a 
 
0.75±0.11b 1.54±0.13b 0.70±0.08a 0.83±0.10b 
 
      Bull (42) 
3.72±0.28a 
 
1.68±0.17a 
 
2.03±0.17a 4.47±0.24a 
 
2.11±0.15a 0.82±0.09a 1.28±0.11a 2.35±0.14a 
 
0.90±0.09a 1.44±0.11a       Cow (93) 
          November 
5.50±0.45b 
 
2.18±0.18b 3.31±0.37b 
 
4.66±0.33a 
 
2.45±0.22a 1.10±0.15a 1.35±0.15a 2.20±0.16a 1.02±0.10a 1.18±0.13a       Bull (42) 
7.72±0.65a 
 
3.24±0.30a 4.48±0.42a 
 
6.16±0.31b 
 
 
3.26±0.19b 1.20±0.09a 
 
2.05±0.14a 2.89±0.15a 1.22±0.08a 1.66±0.12a      Cow (93) 
                 Means (±SE) followed by the same letter in each column for each month are not significantly different at 5% level  
             based on Rayan’s Q test  (REGWQ).          Figures in parentheses are number of animals.  
    
 
76
 
 33
  
                                                                      Source Sudan Survey Department 
  
 
 
Map1: Red Sea State. Arrows show localities from where samples 
were collected. 
Red Sea  
Egypt 
River Nile State 
Kassala State  
Eritrea 
